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B-2a PURPOSE

this study is to estaplish the environmental
hydroeletric power
State

The purpose of
and financial feasibility of a potgntial
facility for the Hanalei River Basin, Island of Kauai,

of Hawaii.

B-2b NEED

Unlike many new energy developments, the technology of
hydropower nas bpeen Eirmly established. Over the past
Jdecade, hydropovwer as & renewable energy resource has
rekindled interest for its role in alternative energy
development nationally and in the State of Hawaii. The
Island of Kauai, similar to most insular areas, 18 highly
dependent upon petroleum—based fuels for the production of
electricity. This condition has led to relatively high costs
of energy production and reliance on & potentially volatile
worldwice fuel market. The goal 1is to alleviate oil
dependence in energy production and greater energy

self-sufficiency for the Island of Kauai.

The economic aspects of the project are significant and
beneficial. The benefits are derived solely from
displacement of energy from Kauail Electric's system assuning
fuel price escalation and power-on-line offective date of
1688, The project would contribute significantly toward the
goals of alleviation of oil dependence and increased energy
self-sufficiency. The Hanalei River Hydroelectric Project 2s
currently proposed will cost $15 million to construct and
woula produce approximately 29,5 million xilowatt hours of
electricity per year Of apout 8% of the total eneryy consuned
on the Island of Kauai. The Project would supplant tile need
to - import 60,000 barrels of oil annually and service an
equivalent of 5,500 households of 17,500 individuals,
assuming the current rate of fuel oil, utilization and

household demands are maintained.

SPPPEFELIE T PURE PO TR SO U |




e

0O

&

B-3 GENERAL DESC
SOCIAL AND ENVIRONHE

-t g b A

RIPTION OF TEHE ACTION'S TECHNICAL, ECONOMIC,

NTAL CHARACTERISTICS

Sy Fabd s e s L R

- . —



)

)

"y

BE-3a TECHNICAL

Island Power Cofipany. inc. proposes to construct and operate
a hydroelectric powerplant on the Eanalei River, Islana of -
Kauai, State of Hawaii. The project will cost approximately
$15 million dollars to construct and will generate apbout 26.5
million Kilowatt hours of electricity per year. The
poverplant will have a maximum generatiny capacity ot
approximately §,000 kilowatts with a mnaximun hydraulic

capacity of 238 cubic feet per second ("cfs").

The proposed project will utilize stream Tlows from the upper
Hanalei River and several of its spall tributaries to
generate hydroelectric power.

A new diversion weir will be constructed on the upperl Hanalel
River approximately 11.1 river miles upstrean from the mouth.
The intake structure will be screened to prevent entrainnent
of £ish. screening criteria will be established in
conjunction witi the U,S., Fish & 17ilélife Service and the
pDepartment of Land & Natural Resources. An above ground
pigeline varying in diameter from 54 inches to 72 inches and
approximately 23,325 feet long will convey the water from the
new diversion weir to a powerhouse approximately 6.5 river
niles upstream from the mouth and approximately 1 river mile
upstream Lron the China Ditch piversion., The flow will then
be discharged fron the powerhouse and return to the natural
channel of the Hanalei River.

A new 69 KV transnission 1line approximately 0.6 miles in
length will De constructed to interconnect the project witn
Rauai Electric at tne existing overhead transmission line in
the Hanalei basin. A new substation will be constructed at
the existing transmission line to facilitate the delivery of
the project power into the Kauai Electric System. The
project power will be sold to rapai Electric which will then
be distributed to their customers.

B-3b ECONOMIC

The economic aspects of the project are significant and
beneficial. The obenefits are derived solely from
displacenent of Rauai Electric's system energy and assume
fuel price escalation and a power-on-line affective date ot
1988. The project would contribute significantly toward the
goals of the alleviation of oil dependence and increased
enerdy self-sufficiency. The hydroelectric facility would
supplant the need to import 60,000 barrels of o0il annually
and service "an equivalent of 5,500 households oZ 17,500
individuals, assuming the current rates of fuel oil
utilization and household demands are maintained.
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There will be an increase in employment opportunities for
local laborers and construction companies as a result of the
construction of the proposed project., Local suppliers will
also be used for concrete, backfill materials and other major

components of the project.

The project will cost §15 million to construct, which
includes all direct and i.direct construction costs,
easements and rights-of-way, land and agricultural damages,
and interest during construction. Operations and maintenance
of the project will also involve local personnel.

The following 1list is an itemization of the total project
costs,

R T b Y e e T T




=39

("

)

.

)

2.

COST ESTIMATES

BASIS FOR COST ESTIMATES

Construction Cost. The basic assunptions for the
construction cost estimates were as follows:

The contractor and labor would be Kauai, Fawaii

" based. Labor would be performed on 6-8 hours

shifts per week.
Construction period would be 12 nonths.

Escalation to mid-point of construction was
included. Annual construction inflation would e
9 percent, Contingencies are 10 percent.
However, for turbine/generator and related
electrical/mechanical . items, based on
manufacturer's pid prices, contingencies zre 10
percent, Transmission 1line contingencies are 10

percent.

Excavation below the loose rock would reguire
blasting for rock removal. The loose rock woula
be composed of loose boulders and cobbles witn 30%

boulders.

!lechanical and electrical equipment would be Lroh
continental United States. Instaliation labor
from the mainland would be regquired for
turbine-generator . features, Itemized costs
include delivery costs to site,

Price level for all work is July, 1988.

Indirect Costs. Indirect costs include technical and
administrative costs associated with the desiyn and
construction of the project,

Engineering and Design. These indirect costs
would be for engineering efforts in the
preparation of design memoranda; - construction
plans and specifications; and engineering during
construction, &2l1l associated overhead anounts are
included in the Engineering and Design totals.

Supervision and Administration., The construction
contract would include contract administration ana
field inspection. Associated overhead amounts are
included in the total,
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c. Right-of-Way Indirect Costs. Indirect costs
included the nanagerent of construction
rights-of~way, easements and inter-agency

coordination during construction.

Easements. The costs required to acquire construction
rights-of-way would ©pe odorne by the developer, These costs
included purchase of lands in fee and compensation for
danages to agricultural lands to private interests. Lunds
under ownership by the State of Hawaii will be leased on a

fair market value basis.

Operational and Maintenance and Replacement Costs. These
costs are annual costs reguired to keep all facilities in

good working condition and repair.

Interest During Construction (IDC). Interest during
construction accounts for the capital incurred during the
construction period. The computed amount is to be included
in the total project investment costs and forms a portion of
the average annual costs. The turbine-generator procurement
Process is normally an independent contract. ilence,
construction inflation was computed on the basis of 12 wmontus
and IDC was computed on the basis of 12 months.
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Table B-3b-1 COST ESTIMATE

HANALEI RIVER HYDROELECTRIC PROJECT

ENGINEERS ESTIMATE OF COST
SCHEDULE OF VALUES

ALTERNATIVE 3

Diversion Structure

Concrete

Wing Walls
Floor

inlet Chanber
Cut=-0ff trall
lisc

88 cu-yds @ 500/yd

Gates

Trash Racks

Walkways/Grating

Bulkihead provisions

BElectrical power from powerhouse (material only)
Floodligirit and pole

Rock anchors .

Excavation

Rock removal

Backfilling

Revegetation
llisc Items

10% Engineering and Construction Hgt.

10% Contingency

Intake Structure Total

17 yds
3¢ yds
18 yds
6 yds
8 yds

88 yds
$44,000

22,112
8,845
8,845
6,634
5,528
653
8,845
55,280

33,168

11,056
2,211
44,224
$251,411
25,141
25,141

$301,693
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HANALEI RIVER HYDROELECTRIC PROJECT

COST ESTIMATE (CONT)

P Penstock
4000'- 54" % 0.250° 106 Max Q $59,.94
: 2300'~ 56" ¥ 0.250" 119 62.16
i 2500'~ 587 X 0.250" 140 64.38
> 1500'~ 62" % 0.250" 164 63.81
00'- 64" % 0.250" 175 71,04
1500'~ 64" X 0.,250" 180 71.04
2200'~ 66" ¥ 0.313" 192 86 .60
1600'~ 68" X 0.375" 212 102.98
: 1400'~ 70" X 0.375" 227 106 .03
| 3300'- 72" ¥ 0.438" 238 123 .60
- 21251- 72" % 0.500" 238 138.16

Saipping and Delivery

} 10% contingency
penstock Total

! saddles & pipeline -~ Misce.

assume 40° spacing for upper 6500 - 135
44' spacing for next 120

[+)
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48' spacing for next 1 ,000' -~ 170
Total 425
For each saddle - agsume an aveiage of 2.0 cu. yds. conc.
o X 2.0 % §00 $/yG. = $ 510,000
pipe strapss polts etc. 425 4« 376 /Saddle $ 159,800
- pxpansion joints -~ At 400° spacing = A48 joints
' rockwell type pond joints =~ 48 ¥ 1000 48,000
Thrust plocking and concrete capping
- 450 cu. yds. ¥ 500/yd 225,000
- RrRock anchoring/grouted repar 425 % 476/saddle 159,800
crading., excavation 425 R 470/saadle 169,750
Installation of penstock 18,900 X 16.60/£t 313,740
Rock excavation & placement at river crossings
29,116 cu. yds. 16 .5C/yC. 480,414
- Loosée axcavation & placement at river crossings
> 20,015 cu. ds. 3 7.00/yd. 140,105
packiill & placement of penstock 4,100 X 26 .71/t 109,520
$2,346,129
10% Engineering and construction gk . 234,613
- 10% contingency 234,513
gaddles & pipeline -~ Misc Toktal $2,815,355
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HANALEI RIVER HYDROELECTRIC PROJECT

COST ESTIMATE (CONT)

|
i Feeder Penstock
E
1

2000'- 22" X .188" 13 Max Q $15.31 = 30,620

j 2000'- 26" X .188" 21 18.0% = 36,180
P 4200'- 26" X'.188" 24 18.09 = 75,978
’ 2200'- 20" X ,188" 11 13.91 = 30,602
1900'~ 16" X ,188" 5 11.13 = 21,147

290C'- 20" X ,188" 12 13.91 = 40,339

1400'- 24" X ,188" 20 16.70 = 23,380

3800'-~ 22" X .188" 15 15.31 = 58,178

2500'- 20" X .188" 11 _ 13.91 = 34,775
Shipping and Delivery 200,000

$551,199

z 10% Engineering & Construction Mgt. 55,120
10% Contingency 55,120

TOTAL $661,439

Feeder Penstock
- Saddles & Pipeline - Misc.

Assume 30' spacing for 22,900' - 765 Saddles

For each saddle - assume and average of 1.0 cu. yds. conc,

765 X 1.0 X 600 $/yd. = $ 459,000

= Pipe straps, bolts etc. 765 X 200/Saddle $ 153,000
Expansion joints - at 200' spacing = 113 joints

Rockwell type bond joints = 115 X 450 $ 51,750

. Thrust blocking 350,000

Rock anchoring, grouted rebar 765 X 450 344,250

Grading, excavation 765 X- 300 . 229,500

Installation of Penstock 22,900 X 15/it 343,500

Rock excavation at crossings 1634 cu. yds. X 16.50/yd 26,961

Locse excavation at crossings 1405 cu. yds. X 7.00/yd 9,835

e . $1,967,796

10% Engineering and Construction FHgt. 196,780

10% Contingency 196,780

Saddles & Pipeline - Misc Total $2,361,356

B-10
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f HBANALEI RIVER HYDROELECTRIC PROJECT

- COST ESTIMATE (CONT)

Feeder Diversions

: 24.5 yds. concrete/diversion X 9 = 220.,5 yds. @ 600 § 132,300
.Trashracks, Anchors, Excavation and Rock Removal,

j Backfilling etc. 28,165 x 9 253,485
: $ 385,785
5 10% Engineering & Const;uction Mgt 38,579
10% Contingency 38,579

TOTAL ' $ 462,943

|~
- Access Road

T 5,500 £t. @ $17.50/ft $ 96,250
$ 96,250

< 10% Engineering & Construction Mgt 9,625

10% Contingency - 9,625

TOTAL § 115,500

0

Turbines and Generators
Two (2) vertical six jet, pelton type turbines ' $1,441,261
Two (2) 7360 KVA, 6624 RW, 0.9 PF, 3/60/4160V,648 RPU

overspeed, 80 degrees C rise over 40 degrees C ambient,
class F insulated, open - DP with screens,

0

vertical synchronous generators, 724,748
Switchgear lineup, ancillary equipment, transformer,

substation, disconnect switch and other misc, items. 411,790

< $2,547,799

10% Installation, Engineering & Construction Mgt. . 254,780

10% Contingency 254,780

Turbines and Generators Total $3,057,360

A LD e Fui e 2 e




HANALBI RIVER HYDROELECTRIC PROJECT

COST ESTIMATE (CONT)
)

Transmission Line

0.6 miles 69 KV overhead transmission line installed
with wooden pole support features @& 120,000/mile

./‘.
Installation of new substation including all
necessary safety switches and equipment

i
I

|

b 10% Engineering & Coastruction Mgt
a 10% Contingency

; Transmission Line Total

. Powerhouse and Tailrace

“226 yds concrete for foundation & tailrace @ 400/yd
Block and materials for exterior

Roof trusses, support structures and roofing material

!
i
n
}
!
|

:iHeating and ventilation

103 Engineering & Construction Mgt
10% Contingency

()

Powerhouse and Tailrace Total

Stripping and Clearing

L 8tripping and clearing of vegetation in all areas used
for construction, including disposal.
10% Engineering & Construction Mgt
10% Contingency T T

O

Stripping and Clearing Total

B-12

72,000

331,680
$403,680

40,368
40,368

$484,416

$ 90,400
89,177
84,483
70,402

$§334,462

33,446
33,446

$401,354

$110,560

11,056
11,056

$132,672
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HANALEI RIVER HYDROELECTRIC PROJECT

SUMMARY OF VALUES

Diversion Structure

Penstock

saddles & Misc. Equipment

Feeder Penstock

saddles & Misc. Equipment

Feeder Diversions

Access Road

Turbines & Generators

rTransmission Line (including int;rconnection)
powerhouse & Tailrace I

stripping & Clearing

SUBTOTAL

i

Interest During Constructiog

TOTAL COST

B-13

s 301,693
2,782,800
2,815,355

661,439
2,361,356
462,943
115,500
3,057,360
484,416
401,354
132,672

$13,576,888
407,306
$13,984,194
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B-3c SOCIAL

All of the project's components are physically located far
from population centers, and in fact would displace no
people, or individual businesses or farms, No changes in
existing income, emgloyment oI population distribution or
composition are anticipated as a result of implementing the
project, The quality of community life will be modestly
affected, but the nature of that quality is believed to be
related to recreational activities and aesthetic perception
more than any other factors, There are few life, health and
safety considerations. The likelihood of £lash floods is
miniscule both because of the design of the diversion weir
(designed up to the Probable Maximum Flood) and because of
the comparatively small amount of water impounded behind the
barrier. :

The guality of recreation may be adversely affected by the
addition of an access road and above ground pipeline into the
upper Hanalei Basin. However, the majority of these effects
will be short term and the dense foilage will quickiy
re—establish itself in these areas which will minimize the
long-term effects of the project.

The proposed project may adversely affect the guality of the
fishing experience in the upper reaches of the Hanalei River.
The intake structure will be screened in order to prevent
entrainment of aquatic life into the pipeline. Further, a
minimum by-pass flow will be incorporated into the project to
preserve the existing aquatic habitat and riparian values.

B-3d ENVIRONHENTAL

The majority of the effects are related to constructicn
impacts, another consideration would be the aesthetic
diminution of the Hanalei River resulting from the increased
fregquency of low flows. The acceptability of new man-made
structures at or near a largely undeveloped site may also be
a public concern. There are no endangered or threatened
species affected in the project site. Also, there are no
listed or nominated sites on the Historical Register of
Historic Sites which would be disturbed from construction
activities.

The Project would result in temporary increases in turbidity,
both in the inmediate project area and downstream during
project construction, Concurrent short—term increases in
sedimentation of stream habitat below the diversion could
temporarily alter composition of the aquatic community in the
affected area. Approximately 37.9 acres of State owned land
would be disturbed during construction of the project from
the diversion structure to the powerplant. The land would be
re-vegetated subsequent to completion of the Project,

B-14

i i S b e e




0

.. :
o

0

§

(

B~-4 USE OF PUBLIC FUNDS OR LANDS FOR THIS ACTION
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p-4a PUNDS

The use of public funds are not anticipated for the proposed
hydroelectric facility. However, the public will have the
opportunity to participate in the purchase of special purpose
revenue bonds to finance the Hanaleil Project which have been

secured by the developer.

1f£ bonding cannot be used for the Project, a private 1ending

jnstitution would likely supply the long-teIlm financing. The
equity portion of the financing would also come fron private

sources.

B-4b LANDS

All of the lands needed foT the Project are owned by the
state of gawaii. No federally ovned properties will be
needed for the Projecte.

The lands needed for the proposed project are summarized in

Tables BE-4-l and B-4-2. Figure B-4-3 illustrates the
proposed project features with relaionship to the required

lands.

B-15
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TABLE B-4-1

HANALEI RIVER HYDROELECTRIC PROJECT

ACREAGE NEEDED FOR PROJECT COMPONENTS

DIVERSION STRUCTURE

A 200 £t x 200 ft easement will be needed for the diversion

structure and associated equipment.

ZONE SECTION PLAT PARCEL OWNER LEASEE ACREAGE

5 4 01 State 0.9

TOTAL ACREAGE 0.9 Acres

PEEDER DIVERSIONS

9-100 ft X 100 £t easements will be needed for the feeder

diversions and associated eguipment.

ZOKE SECTION  PLAT PARCEL OWNER LEASEE ACREAGE

5 4 0L State T2,

TOTAL ACREAGE 2.l Acres

MAIN PENSTOCK

A 30-foot wide easement, 15 feet either side of centerline,
feet long, running from the diversion

approximately 23,325
structure to the powe;house will be needed for the penstock.

ZONE SECTION PLAT PARCEL OWNER  LEASEE ACREAGE

5 4 0l state 16 .1

TOTAL ACREAGE 16.1 Acres
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TABLE B-4-1 {(Cont.)

PEEDER PENSTOCKS

jther side of centerline,

A 20 foot wide easement, 10 feet €
the feeder

approximately 22,900 feet long running £rom
diversions to the main penstock.

Z0NE SECTION PLAT PARCEL OWNER LEASEE ACREAGE

S 4 ol state 10.5
POTAL ACREAGE 10,5 Acres
POWERBOUSE

A 208.71 foot by 208.71 foot easenent will be needed for the
powerhouse and associated features.

ZONE SECTION PLAT PARCEL OWNER LEASEE ACREAGE

5 4 01 State 1.0
TOTAL ACREAGE 1.0 Acres
TAILRACE

37.5 feet either side of centerline,

A 75 foot wide easement,
g will pe needed for the tailrace

a;proximately 300 feet lon
and associated features.

ZONE SECTION PLAT - PARCEL - OWNER LEASEE ACREAGE

5 4 0l gstate ' 0.5

TOTAL ACREAGE 0.5 Acres

B-17
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TABLE B-4-1 (Cont.)

TRANSMISSION LINE

A 50-foot wide easement, 25 fe~t either side of centerline,
approximately 0.6 miles long, running from the powerliouse to
the existing Kaual Electric System will be needed for the

transnission line,
ZONE SECTION PLAT PARCEL OWNER LEASEE ACREAGE

5 4 0l State 3.6

TOTAL ACREAGE 3.6 Acres

- ACCESS ROADS

A 25 foot wide easement, 12.5 feet either side of centerline,
approximately 5,500 feet long running from the existing road

to the powerhouse,

ZONE SECTION PLAT PARCEL OWNER LEASEE ACREAGE

S 4 01 : State 3.2
TOTAL ACREAGE 3.2 Acres

B-18
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TABLE B-4-2

SUMMARY

OWNER USE

State of Hawaii conservation Lands

TOTAL ACREAGE

B-19

ACREAGE
37.9
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B-5a DEVELOPMENT STEPS

The entire project, from initial planning to plant operation,
is scheduled to proceed as follows:

1.

2,

5.

Preliminary Planning -- This has been completed and 1is
documented in this report.

Feasibility Study -- This phase includes preliminary
engineering design, cost analysis, £field studies,
environmental analysis and applications for permits and
approvals required to build the project. The products
of this phase are a Feasibility Report, pernit
applications and an Environmental Impact Statement.
This phase will conclude when the Final Environmental
impact Statement has been completed and the major
required permits and approvals are obtained.

Design =- This phase includes preparing contract
documents and specifications and ends when building and
grading permits have been obtained and contracts are

placed.

Financing =-- This phase entails the completion of
long-term financing agreements and the release of funds
needed for construction of the Project.

Construction =-- This phase involves the actual building
of the Project, Plant operation marks the end of the
construction phase,

The approximate schedule, by ﬁhase, for this project is
depicted in Figure B=5-1.
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B-6a FUNCTIONAL ELEMENTS AMND DESIGN DRAWINGS

PUNCTIOHNAL ELEHENTS

The project would consist of diversion welrs, penstocks, a
powerplant, a tailrace, & transmission 1line and access
features. The main dJdiversion weir, located apporoximately
11.1 river miles upstream of the mouth would pe & gravity.
overtopning type structure, about 10.0 feet Ligi and a crest
length of 75 feet. The structure would ve designeu €O
witnstand overtoping by tine pPropable iaxinun Flood.

The area ponded upstreanl would be less than 1 acre., As less
than 1 acre-toot capacity would be provided, storage nas not
peen considered for power diversion capability.

The major water conveyance feature would be an aoove g round
23,325 £foot long steel penstock varying in size from 5S¢4
incnes to 72 inches jocated near tie bank of tue river. Tiie
penstock would transport 3iverted flows Iron the diversion
weir to the poverhouse. Other control and water conveyance
structures along the transmission route are sSeverali foeder
weirs and penstocks.

The powerplant would be sited at the base of the penstocs anuda
would encompass an area of approximately 2,520 sguare reet
(53'x240") . Inside would be housed two indentical vertical
pelton type water turbines. The Gual turbine concept woulu
allow operation over a wide range of L£lows. Due to the
non=-£irm nature of discharges and the minimum discharye of 10
cfs recuired ror turbine operation’ the powerplant will be in
operation approximately 60 vercent oI elie tiuwe, Eecause oL
the 10 cfs conservation flow and the 10 cfs minimum operation
flow, nacural flows in the Banzlei River st aceed 20 cfs
for operation ander the current Jesign., Heedle valves would
be provided to control inflow into the turbines. Tihe
generators would be of the vertical shaft synchronous typeé,
directly connnected to the turbine. additiconal electrical

and mechanical equipment would be provided.

The powerhouse station would oe unnanned and remocely
contzolled., The 63 kv powerline would e mounted oOn poles
and would ztend Erom the powetrhouss to the existing
Transmission 1line operated DY rauai Blectric. The total
length of the powerline would be 0.6 miles.
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PERTINENT DATA

HYDROLOGIC AND EYDRAULIC

Drainage area of Hanalei River at aivers

jean annual flow

Conservation discharge on

(cEs)

Pondiny storage volume (acre—ft)

Turhines: vertical Pelton units

liet head, ft

Discnarge range

taximum diversion agischarse,

. Unit 1, cIs
Unit 2, CIsS

MAJOR CONSTRUCTION FEATURES

Diversion weir, height, ft.
crest length,

Penstock,

54-inch steel,
56-inch steel,
58-inch steel,
§2~inch steel,
g4a-inch steel,
g5-inch steel,
68~-inch steel,
70-inch steel,
72-inch steel,

length,
length,
length,
length,
length,
length,
length,
length,
length,

ft.

ft.
ft.
ft.
£t.
ft.
ft.
ft.
ft.

Total Penstock Length

poweriine, 68 kv,
poverplant

Cagacity, Unit
Unit

length, wd

1, kv
2, KW

Total, «W

Average annual energdy:

cfs

ft.

HANALEI BYDROELECTRIC POWER PROJECT

ain diversion (cfs3)

1.0 to 119
10 to 116

4000
2300
2500
1800
2100
2200
1600
1400
5425

4,000
4,000

=illion kwh

B—-25

ion, s¢. wi. 7.17

70
10

0.5

480

236

10.0
75

23,325

[}

0.

g,000
29.5

FURNFYSEES SPE I PP SR l
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MECHANICAL AND ELECTRICAL

a. The Powerhouse. The powarhouse would be a conventional
indoor »lant constructed of reinforced concrete, ousing two
generating units with adguate space for maintenance and
auxiliary eguipnent. nemoval and servicing of powarplant
eguipnent would be througn natches located in the poweriouse
roof utilizing a mobile crane.

b. Controls. control facilities would oe for an unanned
»lant, and protective devices would oierate automaticaliy co
orotect equipnent without the need for operator assistance,

c. Hechanical Equipment. Station brake and governor air
would pe provided to the powerhouse Dy & single air
COLpPressor. Draft tube unwatering and drainage would We
through a conmon Sunp using an automatic duplex punp systei.
{iscellaneous raw water systems would be supplied via a tay
¥rom the intake and boosted by jumps as necessary.

d. Cooling System. powerhouse and generator would be& coOlew
by using outside air. Generators would be cooled by arawing
powerhouse air through the generator aousing and dischnarying
it directly outside. Powernouse heating would not be

-

recuired. Sehunidification would not oe srovided.

e. Bulkheads and valves. mhe flow of water to tie units

‘would bpe through intake pipes fitted with hydraulically

operated butterily valves., Draft tube pulkhead installation
and removal would e accomplished by a mobile crane.

£. Turbines and Governors. Tre installation of two
ncustom-puilt® vertical Pelton type turbines wita butterily
valves would match the site's hydraulic conditions. he

individual turbines selected are of indentical size and
capacity. This would ailow efficient operation over a wide
variation of flow conditions.

g. Generators and Excitation Systems. Tha g&nerators would
se of the vertical shaft, synchronous type, with saaft
directly connected &0 the turpine. The generators would be
open ventilated with an 80-1/4 C rise, Class E insulation
system without provisions for overload. The generators would
have full run-away speed capability. The excitation systans
would be specirfied to be the manuracturer's standara tyde.
This can be either a direct connected orushless exciter or a
Lus-fed power potential source static excitation systef.
Solid=-state continuously acting dJynanic type voltage

regulators would De used and would bDe incorporatad in tie
unit switciagear.

L. Generator Voltage System. The connection between tus
generator and sreaker would e with non seyregated bus. The
generator and ostation service hreakers would oe recal clad
drawout type rated 250 NVA (nominal), 5 kv 1200 anrws
continuous. The bhreakers would be combined in a comkon
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switchgear lineup along with generator surye protections and
instrunent transformers.

i. Station Service. The station service power would ove
obtained via a tap, between the generator oreaier and main
power transforuer. The station service transformer woul. bLe
adjacent to the generator switchgear lineup. Station service
power disiribution would Dbe a 480 volts 3-phase and 120/240
volts single phase,

j. Transmission Line. A 3-phase 69 kV overhead electrical
transmission line would tie the power plant to the existing
Rauai Electric Systemn, The transmission line would oe
approiimately 0.6 miles long.

k. Unit Control and Protective Equipment. A complete
compliment of control and protective egquipment would be
provided on the Switchgear cubicles. Controls will nrovide
for generator starting, stowpinyg, and circult orealker
overation, lncluulng automatic synchronizing. Start and stop
functions would be perforned auuonatlcally as result of wacer
level and Zrecuency changes.

OPERATION AMD MAINTEMAMNCE

a, Operation. During normal operation the Powerhouse would
be unmanned., The plant output would be wmonitored by tue
local wutility and distributed tihrough tiwe existing power
systen,

b, Maintenance, A visual inspection and check of the wlanc,
turbines, mechanical and electrical egu;orent would be
recuired a mininum of 2 or 3 times a week

POWER PRODUCTION

Tables B-6a-1l through B-6a~4 illustrate the potential montily
power jeneratlon of the Project vased upon tne combined dally
flow data <from the U.S.G.S. recording Station 215101000 on
the Upper Hanalei River and Station £16103000 on the Lower
Hanalei River, Hinimum instream flow of 10 e¢fs was
subtracted from £lows wused in the calculations,

Figures B-6a-l tnrough B-6a-8 1llustrate the specific uesiun
details of the croposed project.
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B-6b HYDROLOGIC INVESTIGATIONS

RAINFALL

The average annual rainfall on Kauai varies from
approximately 50 inches near the coastline to over 450 inches
on liount tJaialeale.

FLOW GAGING STATIONS

?he total drainage area in the Hanalel Rasin at gage 16103000
is 19.1 square niles. Figure B-1 illustrates the location
and annual mean flow of the U.S.G.S. yaging stations in the
basin. Table B-6b=-1 1lists the stream gaging stations
operated by the U.S. Geological Survey in the Hanalei Basin.

IRRIGATION DIVERSION
The Hanalei River Basin is snown on Figure ©B-1, A

description of the diversions occurring in the Eanalei Easin
Eollows:

a. The BHanalei Tunnel conveys waters fron the Ilianalei

River Basin into the Horth Fork Wailua River Basin from
which the water is conveyed downstream for irrigation in
the vicinity of Lihue and Kapaa.

b. Streamflows from the Hanalei River are diverted into
the China Ditch approximately 1 river nile downstrean
from the proposed powerhouse, This ditech is used to
provide £lows for agricultural uses in the Hanalel
Vvalley.. :

¢. Streamflows are diverted from the #lanalei River into
the Xuna Ditch apporoximately 1.5 river miles downstreanm
from the proposed powerhouse, This ditch is wused to
provide £flows for agricultural uses 1in the Hanalei
valley.

&. In formulating alternatives, it was assumed that the
historical diversions and the external outflows will
continue.

e e
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USGS
STATION
NUMBER
16100000
16101000
16102000

16103000

UsSGS STREAN GAGING STATIONS
DRAINAGE

UsGs STATION AREA ELEVATION
WAME (SQ.MI.) (FEET)
Hanalei Tunnel —— 1,210
outlet near Lihue
Hanalei River at  7.17 625
Alt 625
China pitch near . =77 70
Hanaleil '
ganalei River 19.1 35.8

TABLE B-6b-1

near Hanalel

B~-44

PERIOD
or
RECORD

1932—current

1914-1555

1912-1¢19

1912-1519
1963-current
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HYDROLOGIC ANALYSI1S

Based on the early 1914-1919 period before the Hanalei tunnel
export, the total yield of the Hanalei Basin at USGS Station
16103000 was 253,400 ac-ft (350 cfs). By conmparison, the
yield at USGS Station 16101000 was 89,100 ac-rft (123 cis) or
35% of the total basin yield. 1In morxe recent times the total
Hanalei Basin yield at USGS Station 16103000 for the 1964-84
period was 196,200 ac~-ft (270.7 cfs) assuming the China Ditch
station 16102000 has continued to divert approximrately 20,300
ac-Zt (27.4 cfs) during this period. This also includes
fiows which were exported from the basin through the Eanalei
tunnel. In order to determine the yield at USGS Station
16101000, during this period, it was correlated with
16103000. This yielded 69,500 ac-ft (96.1 c£s) before
subtracting out 18,800 ac-ft (26 cis) for the Hanalei tunnel
export from gage 16100000, which resulted in a net yield of
50,700 ac-ft (70.1 cfs) for the 1964-84 time period. This
also shows the yield at USGS Station 16101000 to be 35% of
the basin for the 1964-1984 time period. The yield of the
upper basin to gage 16101000 is slightly less than the yield
of the remaining basin on a per sguare mile basis., Table
B-Gb-2 summarizes the mean montnly <£lows for the China Ditch
at USGS Station 16102000 for the period 1915-1919. Table
B-6b-3 summarizes the mean monthly flows at USGS station
16103000 for the period 1964-1584. The combination of these
stations was made to deternine the total mean ronthly flow
distripution of the Hanalei River wt.ich resulted in nean
annual rlow of 244.7 cis.

The Hanalei Basin at USG5 station 16103000 is comprised of 22
sub-basins. For the purpose of this study, each basin was
jdentified using the letters A through V. The identification
and location of each sub-basin are shown on Figure B-2. To
estimate the annual yield of the 22 sub-basins in the
watershed, an area-altitude precipitation method was used.
Table B-6b-4 summarizes the area of each of the 22 sub-basins
with their respective elevation. For basins A and B the
yield at station 16101000 was used in the analysis. For
hbasins ¢ through V, the reach gain from gage 161¢1000 to
gages 16102000 and 16103000 was used. The distribution of
the annual flows on a daily and monthly basis was calculated
for each sub-basin by proportioning the flows as a fraction
of thne total basin yield from the sub-pasin yields. The
resulting mean monthly flows for the 22 sub-basins ToOr the
1964~-84 period is shown on Table BE-6D-5.

B-45



Table B-Gb-6 simulates the flow which will remain in the
Hanalei River under project operating conditions and
supmmarizes the mean Rmonthly flows not used Dy the Project.
These flows are a result of a combination of several factors
including #£lows not diverted, Iflows exceedinyg diversion
capacity and a continuous ninimum by-pass flow of 10 cfs.

Table B=§b-7 shows the mean annual f£lows of the 22 Sup-vasins
under »roject conditions wnich are soth used and not useu LY

the Project.

ROLE IN PROJECT FORI{ULATION

In order to determine which of the 22 sub-basins . to divert
for power production, a comparison of tphe mean annual flows
of each sub-basin was made. However, sub-basins R~V were not
considered for diversion because they are located too far
downstream from tne —ain diversion weir for practical use.
As a general rule, sub-basins with a mean annual flow of &
cfs or greater were considered to be adeguate for oroject

utilization.

ST gased on tiis analysis, the sub~basins selected Ior project

uge vere A,B,F,G,I,K,L,M,O,P,Q. Table B=5b-8 summarzies tie
, mean annual flow for each of these sub-basins along with tae
; progosed maximum f£low diversion for power genaration.
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o TABLE B-6b-8
|
Mean Maxinumn
~ Annual Diversion
| Sub-basin River lile Flow (cfs) Flow (cfs)
A,B 11.1 70.1 106
< F 10.3 16.0 13
| oA G 9.9 18.0 21
L I g.4 24.7 24
. K 9.1 7.7 11
o L 8.9 6.1 5
o o4 8.6 9.4 12
| \ - 0 8.1 15.9 20
LN = P 7.9 13.4 15
b Q 7.6 10.4 11
R ‘ TOTAL 191.7 238
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FLOW DURATION

Information from two USGS stream gaging stations were used to
construct rflow duration information for this study. The two
stations were Station 16101600, Hanalei River at altitude 625
and Station 16103000, Hanalei River near Hanalei, The
Fespective drainage areas are 7,17 and 19.1 Square miles,
Station 16101000 has 41 years of daily flow valu-~s available
from 1914 to 1955 with missing data for year 1952, Station
16103000 has 30 years of daily flow values available from
1812 to 1915 and 1963 to current., Flow duration tables for
Stations 16101000 ang 16103000 are shown on Table B-65-2 ang
Table B=6b-10 respectively. Flow duration curves are shown
on Figure B-3 and Figure B-4,

DIVERSION AND POWERHOUSE SITE SELECTION

In the prelininary screening of sites for the relative
location of diversion ang powerplant, an inspection of the
topography, tle constructability and the relationship of
discharge and differences in elevation were analyzed. Tiic
diversion site was selected using two major criteria: first,
in maximizing the amount of head for power production:
second, in maximizing the anount of flow for power
production. In order to capture the maximum amount of flow,
the diversion was located at the confluence of tpe Ranalei
River and Kaapoka Stream. This site allows for the naxinum
arount  of power head available while maintaining a
significant amount of flows for power production, The
powerpouse site yas selected at the lowest possible elevation
in order to naximize the amount of power head, However, the
powerhouse had to be located upstream of the China Ditech and
Kuna Ditch diversions as not to impact the existing use of
irrigation flows, Further, the State Department of Forestry
is planning future development in the area above the Chinza
Ditch Diversion, The powerhouse was located just upstream
from this planned development to avoid conflicts with
forestry plans.

LOW PLOW FREQUENCY ANALYSIS

In order to determine the frequency of low £flows at the
location of the main diversion weir, the hListoric £low
recorcs were analized for USGS Station 16101000 which is
located near the diversion site, The lowest amount of flow
li€asured at this station was 10 cfs, which occured several
times during the period of record, Flows in the range of
11-15 cfs have been measured frequently and have occured for
severzl consecutive days at a time. The flow duration taple
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for USGS Station 16101000 (Table B=65-5) further inclicates
+hat flows in excess of 10 cfs do not occurl 1003 of the tine

at this site.

Table B=-6b-11 lists several low flow lieasurenents whicn have
been recorded at USGS station 16101000 over the period of

record.

HINIMUM BY-PASS FLOWS

Determination of an adeguate continuous minimum by-pass £low
for the main diversion weir was mace utilizing the rlow
duration information discussed in the previous section (Low
Fiow Freguency Analysis). since flows in ercess of 10 cfs do
not occur 100% of the time ander natural conditions, 10 cis
wyas selected for use in this study.

GAINING NATURE OF HANALEI RIVER

i substantial amount of the fiow in the gHanalei Riverl is
contributed bY the numerous sub-pasins occuring obetween the
proposed main diversion weir (near yscs Station 16101C00) ana
the proposed powerhouse location (near USGS Station
16103000), These inflows will act to enhance the continuous
ninimum £low by-passed at the main diversion weir. Table
p-Gb-12 and Table B-6b-13 to depict the gaining nature of the
fanalei River between stations 16101000 and station 16103000

respectively during low flow and high flow OCCUCLZaNnces.

FLOOD FREQUENCY ANALYSIS

A flood Efrequency analysis for the Hanalei River at USGS
Station 16103000 was performed to assist in the alignnent and
placenent of the major oroject conponents. several formulas
were used in the flood analysis ijncluding Log Pearson Type
III pistripbution, Log pPearson Mormal Distribution, Rank
method, Log T Distribution and CGumbles Extreme value Theoreh.
By comparison, the Log T Distribution formula yielded the
greatest amount of flow for each perspective period of time.

In oréer tO avoid the failure oL loss of the various project

features, the 200 vyear flood value of 11,800 cfs was selected
and the water curface profile was plotted on the penstock
plan and profile drawings. The project components wnich are
to be above ground were then placed above the water surface
elevation which was identified. Table B-6b-14 summarizes the

.

results of the Log T distripution formula used in this
analysis.
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rar
Apr
Apr
tay
lov
Feb
tlar
Apr
Feb
Feb
llat
nar
Oct
tlov
Nov
Nov
Jul
2ug
Sep
Oct
Ooct
Oct
Nov

Date

1926
1926
1926
1926
1933
1934
1934
1634
1847
1547
1947
1947
1950
1950
1550
1550
12583
1953
1853
1553
1953
15853
1953

TABLE B-6b-11

LOW FLOW HEASUREMENTS
BANAL

EI RIVER
USGS STATION 16101000
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Flow in CFS
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TABLE B-6b—12

LOW FLOW MEASUREMENTS SHOWING THE GAINING NATURE OF
THE HANALEI RIVER

Flow in cfs Flow in cfs
Station 16101000 Station 16103000
Date (DA=7.17 SQ. 8I.) (DA=19.1 s0. HI.) sGain
Feb 28, 1514 51 124 243
Lo Mar 6, 1914 59 209 354
P Apr 19, 1914 56 317 560
i Hov 30, 1914 57 603 1,056
f Jan 24, 1515 57 201 353
: Fep 11, 1915 53 178 336
: tar 13, 1915 57 286 502
b Mar 14, 1915 53 155 292
w— Sep 11, 1515 57 286 502
- Feb 24, 19216 57 278 488
: iar 22, 1916 50 152 304
apr 14, 1916 50 130 260
Apr 18, 1916 53 173 326
S Sep 7, 1916 57 147 258
L hay 13, 1917 37 130 351
: Jul 1, 1917 37 132 387
; auy 23, 1917 28 124 443
o Ooct 1, 1817 42 142 338
s Nov 18, 1517 42 - 124 295
. Jan 6, 1918 22 116 527
. Jan 10, 1918 22 142 645
Ooct 18, 1918 46 181 393
lov 16, 1918 48 199 386
tiar 17, 1919 34 102 300
Mote: Station 16101000 is located about 6 river

miles upstream of Station 16103000.

O

| B-64




[P

Date

[ay
Jun
Sep
Nov
Dec
aApk
Aug
tlov
Jan
Hay
Sep
Dec
Jan
Har
lay
Oct
liar
Apr
Hay
Oct
Hov
Dec¢
Har

TABLE B-6b-13

BIGH FLOW MEASUREMENTS SHOWING THE GAINING NATURE OF
THE BANALEI RIVER

1914
1214
1914
1914
1914
1515
1915
1915
1916
1916
1516
1516
1917
1817
1517
1917
1918
1518
1918
1518
1818
1cl8
1919

Notes

Flow in cfs

Station 16101000
(DA=7.17 SQ. MI.)

399
124
1,240
74
379
743
209
183
882
518
235
183
1,450
719
781
328
1,330
472
145
555
237
563
138

Flow in cfs
Station 16103000
(pa=19.1 SQ. NI.)

2,000
4,020
5,580
1,310
7,810
2,480
1,010
3,280
2,040
1,320
1,490
3,790
3,640
5,680
2,480
4,380
4,100
5,570
3,730
1,250
5,520
1,620
1,500

Station 16101000 is located about 6 river
miles upstream of Station 16103000.
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%Gain

501
3,242
773
1,770
2,061
334
483
1,7¢2
231
255
634
2,071
251
790
318
1,335
308
1,180
2,572
225
2,329
288
1,087
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TABLE B-6b-14

BANALEI RIVER AT STATION 16103000
FLOOD FPREQUENCY ANALYSIS
LOG T DICTRIBUTION

Return Period (Years) Probability (1%)
1.00 99.9
1,01 99.0
1.11 80.0
1.25 80.0
1.33 75.0
2.00 50.0
5.00 20.0
10.00 10.0
25.00 4.0
50.00 2.0
100.00 1.0
200.C0 0.5
500.00 0.2
1,000,00 0.1
i0,000.00 0.01
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value (cis)

500
800
1,500
1,900
2,100
2,900
4,400
5,500
7,200
8,600
10,100
11,800
14,400
16,800
32,000
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GEOLOGIC AND ENGINEERING GEOLOGIC RECONNAISSANCE.
OF THE
UPPER HANALEI VALLEY

GEOLOGY AND SOILS

Island Geology

Kauai is structurally the most complicated and one of the oldest of the
Hawaiian islands. Basically it is a large shield volcano consisting of
thousands of feet of volcanic flows of varying thickness although most are
quite thin. The volume is estimated to be on the order of 1,000 cubic
miles, the portion of the island above sea level is approximately 555
square miles. Volcanism is most likely Tertiary and was quite rapid. This
early stage of activity is called the Waimea Canyon Volcanic Series. Near
the end of this build up of flows the summit collapsed creating the largest

caldera of any of the Hawaiian Island, averaging 10 - 12 miles.

After this early sequence of rapid volcanics and collapse there was 2 long
period of erosion which allowed a thick soil sequence to develop. Then
from a series of about forty vents there was a major period of renewed
volcanism. This second series known as the Koloa Volcanic Series resulted
in lava filling several of the large depressions along with slope failure of
many of the newly developed soils. Some of these lava flows are much
thicker in that they were basin fill and therefore not allowed to flow as
far and develop into thin flows. Near the Hanalei River this later
sequence of flows is evident forcing the channel up against the older
Waimea flows re-routing the river to what is now Hanalei Bay.

Although the volcanic sequences described vary somewhat in their cycles
and thickness of flows they are quite similar in lithology. They are both
basically olivine basalt (calcic plagioclase with pyroxene and magnesium
and iron silicate olivines). Numerous variations of these olivine basalts
are described in the literature but they are refined igneous petrologic

descriptions and do not play a role in siting of the Hanalei project area.

The older Waimea Canyon Series has four members, two of which are
jocated in the project vicinity. The Napali Formation (Twn) is a sequence
of thin flows of olivine basalt which accumulated on the flanks of the
major sheild volcano. The Olokele Formation (Two) is comprised of
thicker flows of olivine basalt with some rare andesites and andesine.
These flows accumulated on the broad caldera at the surmmit of the big
shield which explains the thicker sequence. The younger Koloa Volcanic
Series has two formations in the project vicinity. The youngest is simply
referenced as the Koloa Lava Flows {Qkl) and is a Nephetline (alkali rich)
pasalt. This flow erupted from ceveral vents along the east side of the
island. The more prominent formation is the Palikea Formation (Qkp)
which consits of masses of breccia and beds of conglomerates. This
formation is in direct contact with the Waimea Series in some places and
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is intercalated between flows of the Koloa series. The Palikea Formation
is considered a sedimentary deposit. All rock units are intruded in several
sections by dike swarms and other smaller intrusions. Several dikes were
mapped along the intended alignment of the Hanalei project.

These various rock units and the associated structure are presented on the
projecy vicinity geologic map presented as Figure | of this report.

Project Geology

The Hanalei River flows north to the ocean from below Mt. Waialeale.
The intended point of diversion is at a point on the river where several
smaller tributaries come together and form the larger river section. The
Hanalei River flows in a volcanic bedrock controlled channel and has been
influenced near its terminus by the later Koloa flows. The Waimea
Canyon Volcanics are located to the west forming the higher, steep
ridges. The rocks to the east are mostly the Koloa Volcanics and the
evidence of this flow in controlling the stream is quite evident. The
Koloa flows have advanced from the east and have forced the flow of the
river against the Waimea Canyon rocks. This has resulted in a redirection
of the terminus of the river and the creation of a new delta environment.
Hanalei Bay is the modern terminus west of the older one. Evidence of an
older bay is not obvious and may have been partially covered up by the
more recent flows.

Seismicity

Earthquakes in the islands are associated with two primary types of
activity. By far the most prominent is that associated with the regional
ongoing volcanic activity. Although there is no active volcanic process on
Kauai, the well known Mauna Loa and Kilauea volcanos on the island of
Hawaii display the overall young age and activity of the island system.
The earthquake activity associated with the volcanics is definately
intermittent. The most significant potential on Kaual is the structural
activity associated with the deeper movement along the massive Molokai
Fracture Zone within the island environment. This isa major mid-Pacific
tectonic feature and the primary siesmic risk for Kauai should be
evaluated based on this sytem and not the seismically active sections near
the island of Hawaii. As to potential damage and the associated
engineering considerations on Kauaj there is little in the recent record to
use in examining this potential. An event with a Richter magnitude of 7
occured in 1938. This event had an epicenter located on the Molokai
Fracture Zone 25 miles north of Pauwela Point on the north shore of
Haleakala, Maui. There were no detailed measurements available at that
time and therefore the effect on the area around the Hanalei River and
the Hanalei Bay cannot be assessed. A Richter magnitude 7.5 event
occured along the south coast of the island of Hawaii in 1968 and was
caused by more local activity. This, one of the largest events ever
recorded in the islands, was associated with local activity near
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Hawaii and Maui. Again the affect on Kauai was not determined in detail
but the earthquake was felt in Honoluiu.

In considering the overall tectonic setting of the Hawaiian Archepelago
all proper seismic considerations will be used in the design of this project.
The Uniform Building Code assigns a seismic risk value of 0 to Kauai for
design use. For proper evaluation the worst Case should be used and it
would be prudent to at least evaluate the final design in accordance with
the requirements of Zone 1.

Seils

As described in the geology section the long period of quiessence after the
build up of the main Kauai shield (Waimea Canyon Volcanics) allowed for
the development of areas of deep soils. These were in part disturbed by
the renewed activity of the Koloa volcanics but there exist areas of rich,
well developed soils. The extreme slopes on the island and the numerous
drainages have created deep alluvial deposits from which many of the
soils have developed. Some have originated in coral and basalt sands and
dunes but primarily they are alluvial soils or saprolitic soils weathering in-
place from the igneous rock. The type or taxonomic classification of the
various soils is based on the depth of development and the degree of slope.
The narrow canyons play a critical role in some drainages by confining the
soils between the prominent basaltic ridges.

The Soil Conservation Service classifies ten major soil associations on the
island of which only two are found along the Hanalei River. These two
are the Hanalei-Kolokolo-Pakala association. This unit is a deep, full
range (level to steep), poorly to well drained soil with a fine to medium
textured subsoil. The other association is the most prominent on the
island and is really not a soil. The USSCS classification of this is the
Rough Mountainous Land-Broken Textured Land-Rock Outcrop
Association. It consits of well to excessively well drained very steep
precipitous land (mountains and gulches) with extensive areas of exposed
igneous rock.

The accompanying Figure 2 and Table | show the placement of these
associations and the more detailed breakdown of the individually mapped
units. The data presented on Table 1 describes the associated engineering
characteristics of these soils units, the description is from the SCS, Soil
Survey of - Hawaii and the depths presented are typical. - Within the
planned construction corridor the depths are expected to average much
less except near the powerhouse site. Measured soil thickness at several
random locations is on the order of | - 2 feet except within the active
channels of the Hanalei River and its tributaries. The Detailed Land
Classification - Island of Kauai, from the Hawaii Land Study Bureau
Builetin No. 9 was consulted in evaluating site soils. No specific data
from it is presented because it deals primarily with agricultural products
of economic significance. Agriculture is not a primary concern in the
majority of the project area and detail from LSB Bulletin 9 is not
warranted. This is particularly valid considering the limited detail
presented by the SCS for the same soils.
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ENGINEERING CONSIDERATIONS AND MITIGATION PLANS

Bedrock

As discussed in the general description the rock at the site is primarily
basalt with different degrees of fracturing. There are sections where the.
competency is not a concern and any foundation type would be adequate
as long as it is anchored in the rock in some fashion. There are some
factors which must be considered when evaluating anchoring systems. In
the rock sections that are fractured there must be assurance that the
attachment is firm. Pre-boring and placement of rock anchors or rock
bolts will be required in many of these sections (Figures 3 and 4). The
boring and anchor should be into competent rack not within a fracture.
Where necessary a surface layer of concrete may be placed to create a
smooth base for the anticipated structure. In this case the boring
locations should be located in advance so that fractures will not be
encountered below the concrete. The rock anchoring system described
will be used where required to tie the concrete cradles or pedestals to the
foundation to provide support for the pipe at the required intervals.

There should be no major difficulties with the rock other than excavation
and removal where required. If possible, larger sections of rock should be
removed by controlled low energy blasting or hydraulic splitting. The
control and grades should be carefully selected to eliminate as much
excess waste rock as possible. Control of waste rock will be important so
that excess material will not enter the stream. When rock removal is
required there will be adequate measures taken to eliminate rock fall or
debris from the site. Much of the rock will be of a dimension that is
usable and only that which cannot be used in construction or placed
around the vicinity for landscaping will have to be removed.

In the areas where temporary diversion of the river is required for
construction there are several alternatives which depend on the type and
competency of the rock. Small tunnels or open channels to bypass water
by the construction site will be effective where the channel shape allows.
These tunnels or channels will serve as semi-permant facilities which
would even be re-usable to facilitate repairs or alterations later.

Soils

Handling of sotis from the site during the construction process will require’
adequate planning and control-to sliminate-discharge of: excess: sediment.
into the Hanalei River. In order to control any discharge that may occur
sediment traps will be constructed near areas where introduction is likely.
This can be accomplished by either excavating deeper channels into the
river banks or constructing temporary catchment systems. The small
coffer dams can be constructed from either natural materials or synthetic
ngeofabrics or geomembranes". The advantage of these is that they can
be removed easily and the landscape can be reworked to natural
conditions.
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During the river crossings it is anticipated that the soil in the channel will
be slightly deeper than along the side channels. This condition was
confirmed during the fieid investigation, particularly downstream near the
powerhouse where the channel profile becomes deeper and more
developed. Sediment control in the upper reaches will be more basic
because of this. Downstream there will be deeper sections to control but
more roome.

During the construction of the segments in the stream a temporary
diversion just upstream will be required to route the active channel
around the construction site. This will allow for the control of sediment
in the construction area and provide more favorable working conditions.
These small diversions may be constructed of on-site soils, geomembranes
or a combination of both. They will be of sufficient depth to allow
settlement of the majority of the suspended soils and will have a smalil
overflow structure to allow the clear water to re-enter the active
channel. Where the penstock actually crosses the active channel it will be
buried and backfilled with suitable compacted material. Enough coarse
gravel and boulders will be placed over that section to prevent
undermining and movement of the pipe by flows within the river channel
(Figure 5).

Seepage

Seepage from the diversion structure is not expected to be a problem.
Basalt flows mapped at the site do have a moderate to high degree of
fracturing and some seepage is anticipated. Foundation preparation and
construction will be planned to control seepage however the majority of
flows not diverted in the structure would likely flow into the basalt and
re-enter the channel downstream. The very low volume of storage within
the small diversion structure also greatly reduces the problems associated
with seepage. Careful compaction of site soils where removal is not
practical will also be required to help control seepage. It is anticipated
that all critical aspects of the foundation will be on bedrock. This is
planned to eliminate or greatly reduce the need for grouting.

None of the small dikes identified in the field wouid create any
difficulties with the project due to their orientation. If larger more
massive dikes are encountered near the diversion, which run perpendicular
to the channel, their.potential  for intercepting flows in the shallow
subsurface will have to be investigated. Such dikes may act as confining
"hasins" and..would .tend to reduce seepage. .-Site investigations at the
diversion site indicate that there are no apparent difficulities regarding
seepage or groundwater conditions. A more detailed fieid investigation
will be carried out prior to construction and any geologic concerns can be
further addressed at that time.

Slopes

Most of the slopes measured in the field were l:1 or steeper. There are
numerous sections where smaller talus slopes have developed composed of
material weathering from the steeper slopes. Slightly flatter sideslopes
are also located along the channel, primarily the east side, which are
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composed of more fractured basalt and some interbedded gravelly
sections. It is these flatter, less consolidated slopes that may present
problems with stability. The loose material may become unstable when
lateral support is removed during construction. Several alternatives are
available for mitigating this problem. The easiest method would be to
establish berm type counter-balance structures from the plentiful river
gravels and boulders located along the alignment. Some of the worst case
conditions may require temporary retaining structures of compacted
earth. There are no conditions anticipated which could not be controlled
through standard construction methods.

Plans have included a monitoring and repair schedule for occasional
slumps or slides in the unconsolidated material for the period after
construction and before vegetative support is established. 1f

unconsolidated slopes are properly compacted and left at or near l:1 there.

shouid be no major concerns, particularly if boulders are used for toe
support and erosion control.

Where rock cut is required it will be accomplished through the controlled
blasting or hydraulic splitting methods outlined above. Rock cuts less
than 50' high could be set to 1/4:1 or steeper. Higher rock wall cuts could
be cut to this slope and terraced with 2.10' flat terraces then another
1/4:1 rock cut. Terracing could be eliminated by 1/2:1 or 3/4:1 cuts in the

rock.
SITE INVESTIGATION

The site investigation of the project area included both helicopter
reconnaissance and a two day field survey of the intended alignment. The
field survey followed the river from above the diversion to the
powerhouse site.

From a purely geologic sense the alignment is all basalt of the two
described flows. The key concerns in the evaluation are the engineering
geologic factors in how the rock units will behave and the environmental
factors such as potential hazards and other geotechnical issues. More
detail is presented in the specific geotechnical section of this report but
basicaly it can be stated that the alignment is satisfactory from a hazard
point of view, is located on the flatter terrain near the river, and the

principle concern is for placement of the penstock on the shallow bedrock

riear the active-stream - The -diversion site is on 3 point of very near

. surface or exposed basalt. - Consequently - the foundation competancy in
the area of the diversion is not a concern. The construction method will
be more involived, however, because of the amount of rock excavation and
anchoring method.

Several dikes were mapped during the field survey. They were plotted to
determine if they were oriented in a fashion that may affect the water
carrying capacity of the stream or near surface fractures of the rock
units. Most of the dike swarms run essentially parallel to the channel and
although they appear much less permeable than the country rock they
should have no adverse affect on the water flow by creating a daming
effect.
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The different flows in the vicinity of the alignment are readily
identifiable based on varying degrees of jointing and vesicularity. The
more massive sections near the alignment appear competent and should
not pose any problems to the construction of the project other than
difficult excavation. All areas surveyed have either exposed bedrock at
the surface or evidence of very near surface rock. In the active channel
area and flood plain the soii deposits are typically quite thin and do not
become well developed until the break in slope where the prominence of
more woody vegetation is clear. Many areas long the side channels did
have poorly developed soils but the vegetation was well developed
penetrating into deeper fractures and joints in the rock. The side slope
channels are very steep and the break in slope at the flood plain is quite
prominent. The average flow Jevel of the river and the periodic high flood
levels are easily identified in many places by rock patterns, water lines
and suspended flood debris. Near the lower reaches of the river the
change in gradient is readily identified with associated wider flood plains
and thicker soil sections. Some of these soils sections are obviously quite
deep. The widening of the channel and the development of low energy
geomorphic expression indicate a deeper more fine grained matrix of silty
or clayey soil with high organic content. The density of vegetation also
indicates this. To date no on-site excavations or borings have been placed
but it appears that the powerhouse site is in an area of deeper alluvial
soils with basaltic gravels and a very high water table.

Fieid Notes (March 1, 1986)

Rocks in the vicinity of the river from the helicopter drop to the diversion
are basalts of various types and sizes. Some are quite massive and in-
place while some are obviously alluvial which have been transported
downstream and are well rounded. They are open vesicular rocks not from
the local flow. The local in-place rock does not display obvious
vesicularity. Some boulders are massive 3.8 m wide, 2-4 m high which
appear to be a conglomerate (agglomerate) with evidence of flow banding
in some sections. The rock is very dense. Permeability would be
primarily through the jointing. There is no strong evidence of dikes here
although vegetation is quite heavy. Prominent jointing is evident all along
the section which is primarily vertical to about 5 degrees off of vertical
which would be inducive to dike emplacement. Jointing trends north. The
smaller alluvial gravels are probably from the Waimea Series to the west
below Mt. Waialeale.. Evidence of structural control is. prominent.3s.

suggested in the literature as being due to later flows. from the east: .

forcing the river against the Waimea Series. - The west wall is*pramiient 3
and near veritical and is more massive than the east side rocks. Side
channel rocks would work well with rock boits although there is some
massive jointing which may not have shailow closure and rock bolts would
have to accommodate these joints. There are many thick 1 m + sections.

Upstream of the diversion there is a section of dike rock which strikes

N20E, is variable and undulatory, with sequencial fracturing (cooling
induced). It ranges from 12 to 30 mm thick but is quite variable.
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The first sample collected is the dike rock. Permeability may cause
seepage concerns if the orientation of the joints are perpendicular to the
channel. The present strike would not cause problems and appears to be
the common orientation. Lava flows are primarily massive with some
pahoehoe and thin lensing.

Side channel slopes are very steep and are astimated to be 55-63 degrees
(Rrunton) using the tree line.

Average slope measurements are very steep in massive basalts. Channels
are very narrow. 1 would anticipate 100% bedrock placement of
structures. Rocks at the diversion are massive flows in a very narrow
channel, Significant undercutting Is occuring at the bottom of most
plunge poois. Bedrock displays prominent parallel jointing. Most likely
good to excellent foundation conditions exist. There is one dike parallel
to the channel at the diversion. I see no problems other than material
transport and excavation in the rock, the jointing and the steep
sidechannel. Joints strike E-W at 70 degrees from horizontal. The
bedrock is blocky and massive with some 12-15 m thick blocks that have
fallen out of the exposure within the channel.

Foundation conditions for the penstock are generally good however it is
apparent that there will be a majority of bedrock excavation with
significant amounts of shooting and transitions 1o allow for the channel
configuration. The foundation conditions at the powerhouse site are
obviously much lower in the section and are at a flatter grade and
therefore have deeper alluvial sections composed of fine grained soils.
The channel is wider and deeper at this point and there will need to be
some shallow borings in the powerhouse vicinity to complete the total
design for the structure. It would be wise to obtain accurate depth to
bedrock data and blow count information in the channel soils in case they
are too deep to accommodate a bedrock foundation.
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INTRODUCTION

A potential hydropower project must satisfy two basic
criteria to be economically feasible. First, the economic
_ value of the output must be greater than the cost of
production., Second, its output nust be marketable at rates
sufficient. to recover costs. Economic feasibility is
measured with benefit/cost analysis. The benefit is the
utility companies' measured willingness to pay for energy
produced by the hydroelectric powerplant. The cost of the
energy displaced by the production of hydroelectric output is
taken as a benefit, Appropriate sizing - of the mnost
economically efficient hydropower plant was performed. Tue
current maximum capacity of 8,000 kw with an average annual
outgut of 29.5 million kilowatt hours was selected Ior this
stuady.

ECONOMIC CONDITIONS

POPULATION

There are two main sources of projected population growth for
Rauai. They are the State of Hawaiil Department of Planning
and Economic Development ("DPED"), and OBERS 1980 projections
by the Bureau of Economics Analysis ("BEA"), US Department of
Commerce.  The OBERS BEA projections for the non-SMSA portion
of Hawaii, which includes Kauai, shows a growth rate somewhat
lower than the latest figures resulting from DPED
projections. The validity of the OBERS projections follows
from the soundness of the control total approach, in which
reliable national projections are first made, from which
smaller regional projections are derived by disaggregation.
The validity of the DPED projections, however, follows from
County growth rate forecasts based on historical trends. The
two projections are shown in Table B-6d-1, and depicted
graphically in Figure B.8d-4 .,
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TABLE B-6d-1

HISTORICAL AND PROJECTED POPULATION GROWTH
POR KAUAIL

POPULATION (1,000's)

PROJECTED
OBERS Y/
Historical Low High ppED2/

1950 30,7
1960 27.8
1570 30.1
1980 39,1 36.5
1985 42 43 40,0
1990 45 47 46.5
1995 48 51 53.1
2000 51 55 60.4
2010 55 60
2020 58 65
2030 63 70

E/ Based on growth rate for non-SlSA portions of EHawaii,
1980 OBERS BEA Regional Projections, US Department of
Comnerce, Bureau of Econonic Enalysis, July 1281.

2/ gtate of Eawaii, Series II-F Projections, HMarch 1978,

The DPED projections are under revision at this time in
response to 1980 census figures, Ravai's census, for
example, is 39,082, or 6.6% higher than had been projected
for 1980. All three scenarios show continuing growth,
although at different rates.
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POWER VALUES

power Values on Kauai are directly related to the price of
oil, Although oil prices have sharply declined in recent
times, a gradual increase in pricing has already Degun.
These prices are expected to increase at a steady pace in
future years.

Feasibility is based. upon the price Kauai Electric is willing
to pay for the project power, This price is measured against
the cost of the power produced by the project.

The expected cost of power production of the proposed Hanalei
Project is between 72.0¢ and 7.5¢ per kilowatt nour. As
operation and maintenance costs will increase each year, tnis
cost will escalate at about 1.5% per year during the first 20
years. The costs during this period include service for the
financing used to construct the project. Beginning in the
21st year, the financing will be paid off and the cost per
Lilowatt nour will drop to about 6.5¢. This cost is also
expected to escalate at about 1.,5% per Yyearl.

Negotiations with gauai Electric indicate that the utility
will purchase the project power output for the expected cost
of production for a term of 35 years.

SUMMARY AND COKNCLUSIONS

Based on the power value data and a total project cost of
$13,984,194 the hydropover project is economically feasible.

ENERGY USE

Barring drastic changes in the economy and lifestyle, all
three population growth scenarios represent a continuing
requirement for electricity production. Population is of
course only one of the variables linked to electricity
generation and use. Wnile population growth averaged about
2.6% per year during the 1970's, electricity generated
increased oy an average.of apout. 4.2%.per year, 2S5 shoyn in

Table B-6d=-2. In addition: to residential. -.use,. £or - which
popuiation. is the = primary indicator;;comme;cialf-industrialqy

ané public use all have contributed to this growth., Future
growth will be tied to Gevelopments in the economy in
general, specifically in the agriculture and tourism sectors,
and py extension the construction industry. The behavior of
the world petroleum market will also be a significant factor
along with related trends and developments in alternate forms
of energy use and production, conservation, and changes in
lifestyle. Table B-6G-3 shows electricity demand forecasts
by County to the year 2005. The forecast shows growth rates
of around 4% annually through 1890, decreasing to about 3.6%
per year by the end of the forecast period.
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TABLE B-6d-2

ANNUAL ELECTRICITY GENERATION, gauaTl/

annual % Change

Net Electricity From Previous From
Year Generated (millions of kwh) Year 1975
1975 161.2 . !
1976 167.6 3.8 3.8 1
1977 183.2 8.5 6.2
1978 201.0 8.9 7.1
1979 204,2 1.6 5.7
1580 211.1 3.3 5.2
1981 218.7 3.4 4,9
1982 217.0 0.8 4.1
1983 224.8 3.5 4.0
1984 247.1 5.0 4.6
1985 248.8 0.7 4,2
Iy From Cormunication, Citizens ptilities Company - Rauai Electric

Division, July 28, 1986.
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TABLE B-6d-3
KAUAI COUNTY ELECTRICITY DEMAND FORECAST, 1978-2005
(Million KWH)

Rauai Electric Projectionl/

Average Annual

Year Energy Sales Percent Change
1978 *201.0
1982 *217.0 2,0
1585 *248,.8 3.1
1990 319,°9 4.0
1995 387.4 4.0
N 2000 -454.8 3.8
h 2005 522,2 3.6

T v From Communication, Citizens Utilities Company - Xauai Electric
Division, July 28, 1986.

* Actual sales by Kauai Electric Division,

B
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ALTERMATIVE ENERGY AND SELF SUFFICIENCY

Kauai is too remote for submarine transmission cable intertie
systerns. while a 1link via cable is the subject oi a
feasibility study for the islands of Oahu and Hawaii, Rauvai's
renoteness (102 miles from Honolulu, and 10,800 feet of water
depth) makes any such intertie highly unlikely £for the
foreseeable future. In working toward the goal of eneryy
self-sufficiency, other non-fossil fuel cources have been the
subject of planning efforts. The nmost recent step in Kauai's
drive for o0il independence came with the start-up Oof tue
Lilhue Plantation Company's bagasse-fueled powerplant,
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Historic Perspective

l.

2'

Identification of historic sites is required by the Reservoir Salvage
et of 1960 as amended, Section 110 of the National Historic
Preservation Act of 1966, and Executive Order 11593 (1971). The
Federal agency must evaluate the significance of the sites in order
fo determine possible eligibility for the National Register of
Historic Places. If any sites in the project area are determined
eligible for or already listed on the National Register, they would be
protected by Federal law and regulation to the extent that the
Federal agency must consult with the State Historic Preservation
Office and the U.S. Advisory Council on Historic Preservation to
determine the effect of the Federal project and to identify

measures to either avoid or mitigate for any adverse affects.

The identification of historic sites within the study area is based on

nArchaeological Reconnaissance of Upper Hanalei Valley Halele'a,

Kauai", by Hallett H. Hammett, Ph.D. and Douglas Borthwick, B.A.
Cultural Surveys Hawaii in October 1986 and W.C. Bennetts 1929

Survey of the Hanalei Valley.

This reconnaissance is the first formal.archaeological .investigation
of upper Hanalei Valley since W.C. Bennett's 1922 survey. We are
aware of the historical importance of this project and for this
reason have attempted to record even minor details of the

fieldwork. Our difficulty in interpreting Bennett's notes and site
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locations and making correlations of his sites to the sites we found
underlines the importance of seemingly obvious details. To this end
we have included improved field sketches of many of the the sites.
No doubt Bennett héd the same difiiculty in locating himseif in
these wild regions as we did and did not have the advantage of a
helicopter and a locally know{edgeable pilot. However, we are now
confident in the locations shown r ¢ and consider the
mapped trail and vegetation markers essential information for any
future trips to the Valley. The results of this study are further
discussed in Section C, Description of Environmental Setting, of this
report. Dr. Hammetts study is included as Appendix IV to this

report.

Figure B-7-1 shows the project area including the proposed pipeline
routing and archeological site locations. A discussion of these sites

is contained in Section C of this report.

No archaeological survey has been conducted along the proposed
right-of-way for electric powerlines connecting the powerplants
with the substation. The exact route of the powerlines have not
been determined - so that conducting premature archaeclogical
surveys would not .be _cost:-effective. ....An - archaeological
reconnaissance survey will be performed following project

authorization.
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Effects Evaluation

3.

Rock shelters CS7 and CS8 are outside the project and would not be
impacted. CS10, 12 and l4 are on the east side of the river and
would only be impacted by possible secondary activities such as
roads, staging areas, etc. Site CS3, 4 and 5 are to the west of the
pipeline but the terraces of CS4 could extend to the river bank. The
terraces of Site CS6 would also probably be impacted. Sites CS9, L1
and 13 site areas are definitely in the path of the proposed pipeline

and would be directly impacted by the presently planned route of the

pipe.

Because of the constraints of this reconnaissance (mostly dense
vegetation), the boundaries of these site areas are not well defined.
There could be other as yet undiscovered sites on other point bars
which were not examined. These sites in some cases could extend at
least for a short distance up tributary streams where side intakes

are planned.

For these reasons, a more thorough survey is recommended for the
exact route of the main pipeline as well as the tributary intakes.
Taking into account our experiences’ in this reconnaissance, -this
survey should be undertaken after the pipeline corridor has been

surveyed and at least partiaily cleared of vegetation.

At the completion of this survey it should be possible to accurately
define site boundaries in relation to the exact pipeline route to find
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other as yet undiscovered sites. There are 4 major point bars along

the pipeline route not covered In this reconnaissance that may

contain archaeological sites.

On the basis of such a survey, mitigative action can be
recommended such as adjusting the pipeline route or further

documentation of sites if impact is unavoidable.

The existing historic values are further discussed in Section C of
this report and the probable impacts of potential historic sites are

discussed in detail in Section E of this report.
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C. DESCRIPTION OF ENVIRONMENTAL SETTING




Wi

THE STUDY AREA

The study area is located on the island of Kauai, Hawaiian Islands. Except
for the Midway Islands in the northwest part of the Hawaiian Islands, the
archipelago is under the jurisdiction of the State of Hawaii. The capital
and major urban center in the State is Honolulu, island of Qahu. the
Hawaiian Islands are geographically important, based on military and
economic relationships to the Pacific Basin and to the Far East. The
location of the islands relative to important centers is shown in Figure C-

l.

The isiand of Kauai is the fourth largest island in the chain with an area
of 553 square miles and the fourth largest island in population at 39,082
persons (Census, April 1980) (1985 estimated population - 44,800). The
County seat is located at Lihue. The major population centers are located
at Kapaa (4,467 persons), Lihue (4,000), Kakaha (3,250), and Hanamaulu
(3,227). The location of the Hanalei River basin on Kauai is shown in

Figure C-2.

Hanalei Valley is located on Kaual's north shore. It is long, relatively
narrow, and extends from the sea t0 Mount Waialeale. For the first 8
miles the valley floor ascends to an elevation of only 180 m. In the
remaining 3 miles the valley floor rises to 1,500 m. Its width varies from

1 to 3 miies. The drainage area is 19.1 square miles.
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Annual rainfail varies from about 100 inches near the coastline to about
450 inches at the head of the valley. The average monthly .air
remperature in 689 to 700. The average wind velocity is about 7 m/h and

blows predominantly from the east (Ramage and Oshiro 1977).

Hanalei River and Location of Proposed Facility

The proposed hydropower facility is shown in Figure C-3. The location of
the diversion weir, penstock, and power plant in relation to the stream
channel and drainage basin are shown in this figure. Surface flow will be
diverted at 650 feet elevation, conveyed through a penstock (pipe} for
about 5 miles and released downstream as tailwater after passing through

+urbines in the powerhouse located at about 85 feet elevation.
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EXISTING CONDITIONS

PHYSICAL RESOURCES

Climate. Kauai is located just south of the Tropic of Cancer. It enjoys a
relatively mild and uniform temperature condition because of its location
in mid-ocean and the small seasonal variation in the amount of energy
received from the sun. Mean annual temperature is 740F at Lihue
Airport. Extreme temperatures recorded at the airport of 50°F in

January and 909F in October are representative of the seaward areas.

In contrast to the equable temperature conditions, the interaction
between the moist tradewinds and the island's high mountains result in
extreme variation of rainfall. Average annual rainfall in the Hanalei
basin varies between 100 inches near the coastline to over 450 inches at
the summit. The basin has a distinct wet and dry season. The wet season
is usually from November through May {the wettest months being
December through March) the dry season is from June through September

(June and July).

Geology and Physiograpm[:l The istand of Kauai is the summit of one of -

the principal volcanic mountains of the partially submerged Hawaiian

range.

lGeologic and Engineering Geologic Reconnaissance of the Hanalei
Valley. Williams, Appendix 1985.
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This range extends for a distance of 1,500 miles across the Pacific Ocean

floor.

Kauai is structurally the most complicated and one of the oldest of the
Hawaiian islands. Basically it is a large shield volcano consisting of
thousands of feet of volcanic flows of varying thickness although most are
quite thin. The volume is estimated to be on the order of 1,000 cubic
miles, the portion of the island above sea level is approximately 553
square miles. Volcanism is most likely Tertiary and was quite rapid. This
early stage of activity is called the Waimea Canyon Volcanic Series. Near
the end of this build up of flows the summit collapsed creating the largest

caldera of any of the Hawailan Island, averaging 10 - 12 miles.

After this early sequence of rapid volcanics and collapse there was 2 long
period of erosion which allowed a thick soil sequence to develop. Then
from a series of about forty vents there was a major period of renewed
volcanism. This second series known as the Koloa Volcanic Series resulted
in lava filling several of the large depressions along with slope failure of
many of the newly developed soils. Some of these lava flows are much
thicker in that they were basin fill and therefore not allowed to flow as

far and develop into thin flows. Near the Hanalei River this later

sequence of flows -is evident forcing the : channel- up,-.aga.inst;;“the-._older- .

Waimea flows re-routing the river to what is now Hanalei Bay.

Although the volcanic sequences described vary somewhat in their cycles
and thickness of flows they are quite similar in lithology- They are both
basically olivine basalt (calcic plagioclase with pyroxene and magnesium
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and iron silicate olivines). Numerous variations of these olivine basalts
are described in the literature but they are refined igneous petrologic

descriptions and do not play a role in siting of the Hanalei project area.

The older Waimea Canyon Series has four members, two of which are
located in the project vicinity. The Napali Formation (Twn} is a sequence
of thin flows of olivine basalt which accumulated on the flanks of the
major sheild volcano. 'The Olokele Formation {Two) is comprised of
thicker flows of olivine basalt with some rare andesites and andesine.
These flows accumulated on the broad caldera at the summit of the big
shield which explains the thicker sequence. The younger Koloa Volcanic
Series has two formations in the project vicinity. The youngest is simply
referenced as the Koloa Lava Flows (Qk1) and is a Nepheline (alkali rich}
basalt. This flow erupted from several vents along the east side of the
island. The more prominent formation is the Palikea Formation (Qkp)
which consits of masses of breccia and beds of conglomerates. This
formation is in direct contact with the Waimea Series in some places and
is intercalated between flows of the Koloa series. The Palikea Formation
is considered a sedimentary deposit. All rock units are intruded in several
sections by dike swarms and other smaller intrusions. Several dikes were
mapped along the intended alignment of the Hanalei project.

Project Geology. The Hanalei River flows north to the ocean from below

Mt. Waialeale. The intended point of diversion is at a point on the river
where several smaller tributaries come together and form the larger river

section. The Hanalei River flows in a volcanic bedrock controlled channel
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and has been influenced near its terminus by the later Koloa flows. The
Waimea Canyon Volcanics are located to the west forming the higher,
steep ridges. The rocks to the east are mostly the Koloa Volcanics and
the evidence of this flow in controlling the stream is quite evident. The
Koloa flows have advanced from the east and have forced the flow of the
river against the Waimea Canyon rocks. This has resulted in a redirection
of the terminus of the river and the creation of a new delta environment.
Hanalei Bay is the modern terminus west of the older one. Evidence of an
older bay is not obvious and may have been partially covered up by the

more recent flows.

Seismicity. Earthquakes in the islands are associated with two primary
types of activity. By far the most prominent is that associated with the
regional ongoing voleanic activity. Although there is no active volcanic
process on Kauai, the well known Mauna Loa and Kilauea volecanos on the
island of Hawaii display the overall young age and activity of the island
system. The earthquake activity associated with the volcanics is
definately intermittent. The most significant potential on Kauai is the
structural activity associated with the deeper movement along the
massive Molokai Fracture Zone within the island environment. This is a

major mid-Pacific tectonic feature and the primary siesmic_risk_ for Kaual

should be evaluated based on this sytem and not the-seismically-active:

sections near the island of Hawaii. As to potential damage and the
associated engineering considerations on Kauai, there is little in the
recent record to use in examining this potential. An event with a Richter

magnitude of 7 occurred in 1938. This event had an epicenter located on
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the Molokai Fracture Zone 25 miles north of Pauwela Point on the north
shore of Haleakala, Maui. There were no detailed measurements available
at that time and therefore the effect on the area around the Hanalei
River and the Hanalei bay cannot be assessed. A Richter magnitude 7.5
event occurred along the south coast of the island of Hawaii in 1968 and
was caused by more local activity. This, one of the largest events ever
recorded in the islands, was associated with local activity near Hawaii and
Maui. Again the effect on Kauai was not determined in detail but the

earthquake was felt in Honolulu.

In considering the overall tectonic setting of the Hawaiian Archepelago
all proper seismic considerations will be used in the design of this project.
The Uniform Building Code assigns a seismic risk value of 0 to Kauai for
design use. For proper evaluation the worst case should be used and it
would be prudent to at least evaluate the final design in accordance with

the requirements of Zone L.

Soils. As described in the geology section the long period of quiessence
after the build up of the main Kauai shieid (Waimea Canyon Volcanics)
allowed for the development of areas of deep soils. These were in part
disturbed by the renewed activity of the Koloa volcanics but there exist
. areas of rich, well.deyeloped soils. The extreme slopes on the island.and .
the numerous drainages have created deep alluvial deposits from which
many of the soils have developed. Some have originate:d in coral and
basalt sands and dunes but primarily they are alluvial soils or saprolitic

soils weathering in-place from the igneous rock. The type or taxonomic




classification of the various soils is based on the depth of development
and the degree of slope. The narrow canyons play a critical role in some

drainages by confining the soils between the prominent basaltic ridges.

The Soil Conservation Service classifies ten major soil associations on the
island of which only two are found along the Hanalei River. These two
are the Hanalei-Kolokolo-Pakala assaciation. This unit is a deep, full
range (level to steep), poorly to well drained soil with a fine to medium
textured subsoil. The other association is the most prominent on the
island and is really not a soil. The USSCS classification of this is the
Rough Mountainous Land-Broken Textured Land-Rock  Outcrop
Association. It consits of well to excessively well drained very steep
precipitous land (mountains and gulches) with extensive areas of exposed

igneous rock.

Within the planned construction corridor the depths are expected to
average much less except near the powerhouse site. Measured soil
thickness at several random locations is on the order of 1 - 2 feet except
within the active channels of the Hanalei River and its tributaries. The

Detailed Land Classification - Island of Kauai, from the Hawaii Land

Study Bureau Bulletin No. 9 was consulted in evaluating site soils. No .

specific data- fronr it is- presented 'because it~ deals primarily with -

agricultural products of economic significance. Agriculture is not a
primary concern in the majority of the project area and detail from L5B
Bulletin 9 is not warranted. This is particularly valid considering the

limited detail presented by the SCS for the same soils.
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Hydrography. Hanalei Valley and its catchment basin forms the largest

Ahupua'a (ancient land unit) in the Halele'a District of Kauai. This
district with plentiful rainfall, and the most mature river systems in the
Hawaiian Islands is the largest wetland agricultural area in the State. At
present, Hawaiian taro is cultivated only in the lower portion of the
Valley below the Hanalei Homesteads. The area of this study extends
through the now uninhabited upper portion of the Valley. At the proposed
power plant structure the river is at elevation 85 feet extending to 650
feet elevation at the mauka end (Ka'apoko Stream). This is a slope of 565
feet over a river mile distance of approximately 5.9 miles. The river
itself along this distance has meandered across an incipient flood plain
whose widest points are little over 1,000 feet. The inside of the curves
form point bars which vary from 200 to 2,000 feet in length and become
broader and more level downstream. In some cases, these point bars are
cut along their backs by intermittent flood channels of the river. In the
upper sections of the project area there are two major islands in the main
channel. Based on flows, the Hanalei River is the largest river on the

north shore of Hawaii.

Hanalei is a wet valley. It drains a plateau in its upper reaches with
rainfall exceeding 500-1richg:s yearly. The Valley itself_has rainfall from
300 inches at the top o150 inches near Its -mouth. -~There is plentiful
avidence of seasonal flooding throughout the Valley. The channel during a
flood stage has changed course in at least one place since the 1983
U.5.G.S. Quad map was completed and has cut off the wide meander

mauka of Pu'u o Miki, forming an island. Other channels behind meanders

c-11




&

show signs of frequent carrying of overflow. During flood stage
prominent islands are completely under water. Flood debris was found in
tree branches 8 to 10 feet above normal water levels during the March 1-2

visit to the Valley.

Tributary Valleys. The configuration of the tributary valleys and the

contrast betwen those on the west side and east side is partly determined
by differing ages of volcanic series. The Valley is formed through the
contact between the older Olokele Formation on the west side and the
younger (Pleistocene) Koloa Series on the east side (Macdonald and
Abbott: 1970). The ridge on the west wide is higher and the tributary
valleys generally steeper. However, the Isohedral liner show higher
rainfall on the west wide (Armstrong, ed. 1973), particularly in the
upstream areas. For this reason, although the westerward tributaries are

shorter, they appear to carry more drainage.

Larger tributaries typically head at steep "Pali-like" cliffs with
waterfalls. These side valleys broaden at their confluence with the
Hanalei River but still maintain steep sides. The only reasonable access
on foot up these valleys would be up the stream bed itself and even then

only for short distances. -
Some of these tributaries are named. On the east side makai to mauka

are Pekoa, Kaapahu, Kaiwa and Waipunaea. All of these streams have

falls and all look fairly similar from the air.
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On the west side the valleys are short, steep and unnamed on the U.S.G.S.
Map, except for Ka'apoko at the upward end. This valley is by far the
longest on the west side of the river. Its flow is dammed high in the
valley and diverted through a tunnel to the Hanalei River and then
tunnelled to the Wailua drainage. An unnamed valley on the west side,
opposite Kaapahu Valley, is a prominent marker from the air. It has a

steep back with three high falls.

Additional hydrologic information is contained in Section B-6b of this
report. The following is formation from that section quantifies the flows

in the Hanalei River basin.

The total drainage area in the Hanalei Basin at gage 16103000 is 19.1
square miles. Figure B-1 (Section B-6b) illustrates the location and annual
mean flow of the U.S.G.S. gaging stations in the basin. Table B-6b-1 lists
the stream gaging stations operated by the U.S. Geological Survey in the

Hanalei Basin.

Irrigation Diversion. The Hanalei River Basin is shown on Figure B-1. A

description of the diversions occurring in the Hanalei Basin follows:

a. The Hanalei. Tunnel conveys. waters' from.the Hanalei River. -

Basin into the North Fork Wailua River Basin from which the water

is conveyed downstream for irrigation in the vicinity of Lihue and

Kapaa.




O

b. Streamflows from the Hanalei River are diverted into the
China Ditch approximately 1 river mile downstream from the
powerhouse. This ditch is used to provide flows for agricuitural uses

in the Hanalei Valley.

c. Streamflows are diverted from the Hanalei River into the
Kuna Ditch approximately 1.5 river miles downstream from the
powerhouse. This ditch is used to provide flows for agricultural uses

in the Hanalei Valley.

d. In the formulating alternatives, it was assumed that the
historical diversions and the external inflows and outflows wiil

continue.

SOCIO-ECONOMIC RESOURCES

Institutions. The State of Hawaii is governed by a bicameral legislature, a
judiciary and an executive branch where power is vested in a governor.
The principal executive department responsible for the management of
the State's public lands, water and mineral resources, fish and game
resources, forest reserves, and State parks, including historic sites is the
Department.of Land and Natural Resources .(DLNR). "The Division of
Water and Land Deve‘?loprnent, within the DLNR, provides for the
development of water resources, including hydroelectric power facilities.
The DLNR is administered by the Board of Land and Naturai Resources,

headed by its chairman. As the authorized representative of the
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Governor, the chairman may execute agreements, within his powers, on

behalf of the State.

The promotion of long-range socio-economic developrpent, including
general planning, technical analyses, redevelopment, and employment is a
function of the Department of Planning and Economic Development
(DPED). The Energy Division within the DPED compiles detailed
information on energy and fuel consumption, sales, generation, and
shipment. In addition, DPED is charged with management of State energy
research and development funds and coordination of inter-agency energy

developments, including hydroelectric power.

Electric generating companies servicing the public in the State of Hawaii
are governed by the rules set forth by the Public Utilities Commission
(PUC) of the State of Hawaii under the Department of Budget and
Finance. This commission was created and is chartered under Chapter
269, the revised laws of Hawaii 1955, as amended. The Commission
examines the propriety of rates, capital expenditures, and regulates
standards of electrical service. Companies generating power primarily
for their own use, such as sugar companies, are not directly controlled by

the PUC.

Local government is vested in the County of Kauai. The County of Kauai
includes the islands of Kauai and Niihau, adjacent waters and islets within
three nautical miles of their shores. The executive power of the County

is exercised by the Mayor. The principal local agencies involved with
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hydroelectric development are the departments of Public Works, Planning

and the Office of Economic Development.

The only electric utility on the island of Kauai is the Kauaj Electric
Division of Citizens Utilities Company whose corporate headquarters are
located in Stamford, Connecticut. Approximately 60 percent (as of 1981)
of the system energy is developed at the Port Allen main thermal plants,

the balance being purchased energy from industrial sugar companies.

Population. Island population levels on Kauaj remained relatively stable
during the 1950-1970 period. In the 1970, however, population growth
Was somewhat faster than had been anticipated. Hawaij Department of
Planning and Economic Development (DPED) projections had predicted
growth during the 70's to 36,500 by 1980. Census figures reveal that this
estimate has been exceeded, as 1980 population was 39,082, about 7%
higher than the forecast. The estimated rasident population for 1985 was
44,800, When you add the tourist populations you get an average defacto
population of 53,000. Based on percentage of increase in the popuiation,
North Shore is the fastest growing.2 (See Tables C-# and C-5 and C-6.)
The development of the Princeville resort and residential area largely

accounts for this growth.

This transiates into an equivalent annual growth rate from 1970-1980 of
about 2.6% compared to a growth rate for the entire State of Hawaii of

about 2,3% annuaily for the same peried. Future growth will most likely

2Based on personal conversations with Bjj] Blanchard, D.P.E.D.
C-186
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TABLE C-4%
SOCIO-ECONOMIC DATA

Kauai
1970 population* 29,524
1980 population** 33,891
Median age** 27.1
Average household size*#* 3.5
Median household income**#* $10,750
Population Composition**
Caucasian 28.5%
Filipino 26.2%
Japanese 25.0%
Hawatiian 14.6%
Other 6.7%

*1970 U.S. Census

- #%[980 US Census

North
Shore

1,182
2,663
28.5
3.0
$11,600

51.9%
14.5%
10.9%
17.7%

5.0%

»#*%*Robert N. Anderson, University of Hawaii Agricultural
Experiment Station, 1975 Kauai Socio-Economic Profile, 1975.
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fall into the range of l.4% to 2.2% annually through the year 2000,
leveling off to less than one percent annual growth in the period 2000-
2030. These projections are derived from DPED forecasts as well as the
1280 projections by the Bureau of Economic Analysis, U.S. Department of
Commerce of non-SMSA portions of Hawaii. Population in the Lihue,
Kawaihau Districts of Kauai, also rose faster in the 1970's then had been
expected by DPED. By 1980, these districts had grown to a combined
population of just over 19,000 about 14% higher than projected. The 1985
estimates show the Kawaihau District with the largest actual population
increase, but because of its large population base the percentage of

growth is not as rapid as the growth on the North Shore.?

North Shore residents tend to be older than the average Kauai resident,
and the average household size is smaller. Four ‘ethnic groups comprise
approximately 95% of the North Shore's total population, which follows
the istand wide pattern. However, in the North Shore there are
proportionately more Causacians and Hawaiians and fewer Japanese and

Filipinos than on the rest of the island.

The median household income in the North Shore is higher than on the

island as a whole. A 1980 survey indicates that approximately half of the -

North Shore work force is. émployed within the regiomn. -About 12%-of the : -

working population is employed in construction, 11% in tourism (see Table
C-7), and 8% in agriculture, Over 15% is associated with various other
businesses and retail sales, and 13% is retired. Approximately 6.8% of the

island wide work force was unempioyed in 1985.3 A summary of
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unemployment figures for the past L5 years indicates a dramatic rise from
1970 but seems to be showing a gradual reduction the last 4 years.
(Unemployment rates. 1970 - 4.3%, 1975 - 9.1%, 1980 - 4.2%, 1982 - 8%,
1984 - 7%, 1925 - 6.8%.) Statewide unemployment figures indicate that

unemployment tends to be higher in the construction trades than in most

other occupations.

Economic Development. Hawaii is a prosperous State with a growing

population and economy. Between 1950 and 1980, the total resident
population increased by over 92 percent from 500,000 to 964,624, The
gross state product increased over tenfold between 1950 to 1979, from
$900 million to $10.3 billion. The three largest contributors to the State
economy are tourism, defense expenditures and agriculture. The bulk of
agricultural activity is in the production of sugar and pineapple. The most
rapid growth in the past decade has been in the tourist industry. Tourist
arrivals increased from 243,000 annually in 1939 to 3,934,000 in 1980.
Visitor expenditures have grown by an average of over 17 percent annually
since 1959, when they amounted to $109 million. Estimated 1979 visitor
expenditures were over $2.6 billion. While visitor expenditures increased
by a factor of 20 over this period, defense expenditures tripled. The trend
in toursit industry growth will probably continue, although at a slower

pace, together with the State-economy in general.. % -

Until recently, sugar was the mainstay of Kauai's economy. At it's peak,

eight sugar plantations on Kauai produced over one-fifth of the State's

3Texeria, Herman J., Office of Economic Development, 1983 Kauai

Statistical Review.
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total sugarcane yield. Pineapple was at one time a major sector of the
Kauai economy, but has not been cultivated since the closing of the
county's last cannery in the early 1970's. The largely agrarian base of the
island's economy has changed with the surge in tourism in the last décade.
Sugar is still a major economic base, but tourism is now the island's
leading industry. Lihue is the center of economic activity in the county,
with the two major transportation facilities, Lihue Airport and Nawiliwili
Harbor, located nearby. 'I'I*u:~ airport at Lihue has recently undergone
expansion in anticipation of continued growth in interisland traffic. There

are also petroleum storage facilities situated in the Lihue area.

Major employers in the island's economy are the visitor industry and
agriculture. Other important employer's are Federal, State, and County
governments, as well as commercial and business services. Table C-7

shows some selected statistics for recent years for the County of Kauai.

Kauai's visitor industry has suffered the effects of three consecutive
visitor years of progressively worsening visitor totals. This major sector
of the economy has in turn contributed to a measurable decline in business
activity in 1980. Although the unemployment rate is at its lowest level in
several years, the island's economy is.presently sufiering somewhat of a
decline. :While the sugar industry might--ordinarily have .countered_such a
trend with increased production, a substantial drop in 1981 sugar prices
made receipts significantly lower than in 1980. The sugar industry in the
State suffered a devastating $83.5 million loss in 1981, Losses on the

island of Kauai totalled approximately $22 miilion.
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However, prospects for long term prosperity and stability are
encouraging. Major developers at one of Kauai's resort destinations,
Poipu Beach, are well along in additional developments, and the county
administration has made revival of tourism a top priority, having begun a
program of heavy promotion in cooperation with the private sector and
the Hawaii Visitors Bureau. Master plans are being developed for fishing
and agriculture, and the Administration is pushing for high technology
enterprise to strengthen the economy's base. Despite efforts to diversify
and thereby further stabilize the economic growth prospects of the island,
particularly in view of an uncertain sugar industry future, agriculture
continues to be a dominant sector of the economy. Guava and papaya are

significant areas of promising cultivation.

On 23 November 1982, Hurricane IWA struck the Hawaiian Islands causing
an estimated $92 million public and private property damage on Kauai.
Shortly thereafter on 27 November 1932, the President declared the State
of Hawaii a Federal disaster area, enabling the Federal Emergency
Management Agency (FEMA) to provide assistance. Damages blacked out
the electrical system over the island and services were not restored at
most communities for two weeks. Although there were no fatalities on
Kauai, recovery and reconstruction -operations- were extensive and took

many months. .-

Kauai has taken a step toward energy self-sufficiency by increasing its
capacity to generate electric power from nonfossil fuel sources. In
November 1980, Lihue Plantation Company's new bagasse-fired power

plant entered the electric power generating service on Kauai. Turning
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sugarcane fiber into electricity, the plant produced 32 percent of Kauai's
1981 electrical energy need. Prior to this new service, only about 26
percent of the island's electricity came from nonfossil fuel sources, but
the new plant has increased this level to about 44 percent for the total
plantation and utility system. Kauai Electric has also been looking into
the area of wind energy development. The county is considering other
biomass fuel development programs involving municipal refuse, and cane
trash. Kauai has also adopted an energy self-sufficiency plan, stressing
conservation and efficient government energy use. There are currently
seven hydroelectric plants in operation on Kauai. In addition several
hydroelectric projects are proposed for the island. McBryde Sugar
Company has a CDUA permit for a 3.6 mw project on the Wainiha River
and Island Power Company has a CDUA permit for a 6.6 mw project on
the Wailua River. In addition, Garrett-Callahan has proposed a 6.0 mw
project on the Lumahai River, and Amfac is studing a 1.5 mw project

known as the Kitano Hydroelectric project.

Land Use. Land use on Kauai is characterized generally by forest land
covering the fairly rugged interior, with small concentrations of urban
development scattered along the coastline, and agricultural development
(predominantly sugarcane) in a beit adjacent to the ocean. There is
neither urban use nor:agricultural use on the .rugged northwest coastline...
The major land use, constituting over half of the island's area is forest,
forest reserve, and recreation. Agricuitural use accounts for another
approximately 1/3 of the island. The remainder, less than 10%, is in urban
and urban-related uses. This pattern of land use is generally the same for

the State of Hawaii as a whole with the exception that Oahu, the major
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population center is more urbanized than the nneighbor islands™ of Hawaii,
Molokai, Lanai, Maui, Niihau, and Kauai. As with the rest of the neighbor
islands, Kauai's land use tendencies give the island a rural, agrarian
flavor. The Hanalei River basin is divided between conservation and
agricultural land use districts. Small portions in the lower reaches
adjacent to the river below the project are designated as rural and urban
districts. A portion of the Hanalei River discharge is exported to the
Lihue area for sugar irrigation by means of ditches and tunnels at about
365 m elevation. A smaller part is again diverted through ditches for use
in the taro fields near the river mouth. Several small cattle pastures and
a commercial buifalo operation are located in the middle and lower
Hanalei Vaifey. Most of these pastures as well as most of the taro farms
are within the federally owned Hanalet Wildlife Refuge. Other activities
include hunting and fresh water fishing, particularly for the 'o'opu-nakea.
Much of the fishing harvest, appears to be for local and home consumption
rather than commercial sale. Kauai's largest and most productive taro

farming area is located in Hanalei Valley.

Land Ownership. All of the 1ands needed for the project are owned by the
_State of Hawaii. No federally owned properties will be needed for the
project. (See Section B-4 of this statement.)

A total of 37.9 acres of 5tate land will be requiredi for construction of the
proposed project. The proposed project lies entireiy within "Conservation
District" lands of the Halelea Forest Reserve located in Hanalei District.
The majority of the land is within Resource (R) Subzone and a small

portion of the project lies within Protective (P) Subzone. A recent
Cc-26




addition was made to the Halelea Forest Reserve which added 568 acres

of land near the Hanalei Homesteads.

WATER RIGHTS

The water rights in the State of Hawaii are based on a series of judicial
decisions since 1920. These judicial decisions reflect a particular brand of
riparian doctrine orginating from nature Hawaiian "kuleana" land and

water rights. In the 1974 McBryde v. Robinson case, the Hawaii State

Supreme Court ruled that the State, as owner of all surplus water and land
owners of appurtenant lands, cannot divert waters outside the drainage
area. In effect, it mandates that the natural flow of the stream may be
legally enforced as a minimum level of stream flow. The case is still
under consideration by the courts. However, historically for irrigation
and on Kauai, stream waters were considered owned by the land owners
subject to prescriptive rights and use of water. In the specific case of the
Hanalei River and its associated irrigation diversion system, land
ownership is divided between the State of Hawaii in the project reach and
several private homesteads in the area below the project. Above the
project flows from the Hanalei River are diverted through the Hanalei

Tunnel and. used to supplement flows in the North Fork, Wailua River.

These flows -are used to:provide irrigation to cane. fields under lease to -..

Lihue Plantation. Lihue Plantation maintains a water lease agreement

with the State of Hawali for the use of flows from the North Fork of the

Wailua River.
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If the McBryde decision is to be rendered binding, the State, both as land
owners and local sponsor for this particular hydropower project, may be
required to uphold conflicting positions. The diversions would be subject
to Tessation or control to uphold natural stream flows and in the same
instance, the continuity of existing and future diversions would be
necessary for sugar and hydropower development. The resolution and

implementation of necessary water rights are local responsibilities.

Since the proposed project is non-consumptive in nature, a water right
should not be necessary for the generation of electricity. However, the
developer will request a final ruling from the State of Hawaii in this
matter prior to construction and will acquire any permits necessary for
construction of the project. Based on previous experience it is expected
that the State will require the developer to acquire a water license from

the State to use the flows from the Hanalei River.

WATER USES

The waters in the Hanalei River have a number of existing uses. The
primary use of the river flows is for irrigation purposes of agricultural

lands.

The Hanalei tunnel exports flows from the upper Hanalei Basin into the
Wailua Basin for irrigation of sugarcane. Other diversions for agriculture
are made at the China Ditch and Kuna Ditch. These ditches carry flows
into the taro fields located in the lower Hanalei Valley. .This valley

produces Hawaii's greatest quantity of taro.
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Use of the water is made by recreationalists and hunters in the area.
Commercial and recreational fishing primarily take place in the lower

reaches of the Hanalei River.-
Flows from the Hanalei River are also used to maintain a suitable habitat
for birds, mammals, and other forms of life within the Hanalei National

wildlife Refuse in the lower Hanalei Valley.

ENVIRONMENTAL RESOURCES

water Quality. Long term water quality data for the river are available

in U.S.G.S. Water Data for Hawaii (Chinn, Tateishi, and Yee 1985).
During field investigations complete the survey of aquatic macrofauna in
the Hanalei River. Dr. Amadel Timbol aiso completed a limited water
quality sampling prograrh. These one time, one season data reflect only
the conditions at the time of sampling. They may be useful for
comparative purposes and could be part of the pre-construction data if

the proposed project is realized.

Subsurface water temperature in the 10 sampling stations ranged from 18
to 240C." Stations at the upper elevations were about 40C cooler than the
flood plain stations. " .'-I'hiSf-rang‘e-.;ial.is-,within:.t_he:.range.-,of- ~unaltered
streams studied by Timbol and Maciolek (1978) and are within the

tolerance of native gobies (Hathaway 1978).

Conductivity indicates total dissolved solids in water (Cole 1979). In
Hanalei, conductivity ranged from 53 through 83 umhos (Table 1). The
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upper elevation stations have lower conductivity than the flood plain
stations. The values are indicative of water with very low dissolved
materials. These values are lower than those for Kauai streams which

included farms within their drainage areas (Timbol and Maciolek 197.’8).

Resuits for dissolved oxygen were obtained as mg/L and converted to
percent saturation. Hanalei River water is well saturated with oxygen,
from the upper elevations through the middle elevations down to the flood
plain stations. These results are indicative of clean, strong flowing,

bubbling waters.

The pH of Hanalei River is between 7 and 8; weil within the range of
neutral to slightly alkaline water for normal Hawaiian streams. Organic
acids from decomposing plant materials in the watershed tend to make
stream water more acidic but is probably neutralized as the water flows

over volcanic rock (Bright 1982).

The river empties into the Class AA coastal waters along the North Shore.
Although the land along the river is classified in a State study as "lands
adequately treated by 2 conservation programn or otherwise naturally
protected," the same study indicates that coastal waters off Hanalei are
part of "a.reé.s with red water after storms."# . This phenomenon occurs
along the entire North Shore, where high rainfall runoff and numerous

streams erode natural and disturbed slopes.

4State of Hawail, Department of Land and Natural Resources, Division of
Water and Land Development, Statewide Silt Basin Investigation, Report
No. R66, December, 1930.
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Aquatic Fauna. The following section is taken from "A Survey of Aquatic

Macrofauna in Hanalei River, and the Potential Impact of Hydroelectric
Development" by Amadeo S. Timbol, Ph. D. 1986. This survey is included

as Appendix [ to this report.

Hanalei River is situated in Hanalei Valley on the island of Kauai. Its
headwaters originate at an elevation of 1340 m (4420 feet) and the main
channel is about 25 km (L5 miles) with a slope gradient (m/km) of 54

(Timbol 1977).

The long term average discharge (1964-1984) for Hanalei River is 217
#t3/s or 157,200 ac-ft/year (Chinn, Tateishi and Yee 1985) with October
and April having the highest discharge in water year 1983 and 1984, The
flow regime is irregular. A portion of the Hanalei surface flow has been
exported since 1925 by way of the Hanalei tunnel at about 363 m
elevation. This is upstream of the proposed diversion weir for the Hanalei
hydroelectric project. Another smaller portion is diverted by way of the
Kuna and China ditches for use in the taro fields near the river mouth.
Some cattle and horse pastures are located in the middle and lower

Hanalei Valley. Most of these pastures and two farms are within the. U.S.

Fish and Wildlife Service Hanalei. wildlife Refuge. Native. waterbirds.are.

abundant in the refuge.: The alien: bird, cattle egret: (Bubulcus ibis)-is also .

seen flying in and out of the valley.

Hanalei River is one of the few streams which support an ethnic (goby)
fishery. For example, during one freshet day (August 23, 1986), the

Io'opu-nakea (Awaous stamineus) were on spawning migration. At eleven
c-31

U RO G O

e pl ol ekt rara i a



in the morning of the next day, 1 counted 49 persons pole fishing for the
goby along the river banks in the vicinity of Hanalei bridge. Gill nets set
to harvest the spawners numbered six: three by the rice mill, two by the
!-ianalei bridge and one just upztream of the Dolphin restaurant. One

group of 15 pole fishers caught 11 spawners in 10 minutes.

The river is one of seven streams on Kauai in the Nationwide Rivers
Inventory, a listing of the Nations significant relatively natural and free-

flowing streams {(The National Park Service 1982). It is described as

nextremely photogenic”.

Sampling Stations

Ten sampling stations were established. Three stations (Stn. 1, 3) are
upstream of the proposed diversion weir for the hydroelectric facility;
station 2 is in an unnamed (Kaawaawi) tributary. Five stations (4-8) are
between the proposed weir where streamflow will be diverted and the
proposed powerhouse where the water will be released to the mainstream
channel. Two stations {9, 10) are downstream of the proposed
powerhouse. Stations 1 through 3 are referred to as upper elevation
stations, & through 8 as middle stations and 9 and 10 as flood plain or

lower elevations.. Distances mentioned in the description of sampling

- . stations w.are -in terms. - of - ‘channel. lengths:- measured.. from. U.5.G:S. . -

topographic maps.

Biological

The macrofaunal component of Hawaiian stream biota is composed of

species which are readily recognizable and can be collected or
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enumerated by established methods. The planned construction and
operation of a hydroelectric facility in Hanalei Valley requires that
emphasis should be given to the endemic diadromous organisms. A more
extensive discussion on Hawaiian stream fauna is available in Timbol
(1977). Diadromous animals are those that spend their entire adult life in
fresh water but their larvae must reach the ocean to develope and re-
enter streams as post larvae. To this group belong all the native
freshwater gobies, the endemic mollusk hihiwai, and the endemic

mountain shrimp, 'opae-kala'ole. The alien Tahitian prawn is also

diadromous.

The life history of the 'o'opu-nakea is a good illustration of diadromy in
Hawalian streams. This endemic goby had been studied by Ego (1956) and
its life cycle is illustrated in Timbol and Heacock (1986). In August
through December, the 'o'opu-nakea migrate downstream and deposit their
eggs on stones near the mouth of streams. The eggs hatch within a day
and the larvae are carried out to sea by water current where they spend
between 5 and 7 months as part of the marine zoopiankton. They then
return to stream months and start upstream migration to their places of

oermanent residence where they attain sexual maturity.

Species Inventory: - - 7 . -

At least 25 species of macrofauna were found in Hanalei River and a
tributary, Kaanaawi. The organisms include two annelids, six insects, twc;
mollusks, three crustaceans, ten fishes and two amphibians. The
scientific and local names, their origin and their listing are summarized in

Table C-8. Twelve species are endemic, two are indigenous, eight alien
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TABELE C-8

List of aquatic macrofauna in Hanalei River and Kaansawi tritutary,

island of Kaual.

Scientific Name local Name
Annelids (worms)
Hirudinea lesch
Oligochaeta earthwora
Insects
Dipteras
Chiromcnidas nidge larvae
dae rinefly larvae
Tipulidae cranefly larvae
Odonatas
Megalagrion beterogamius damselfly nalad
Trichoptera:

Cheuna analis caddisfly larvae
| Mthin naya
Mollusis (snails)

Erinma anlacospira pond snall

Nepitina grancsa hihiwal
Crustaceans ( hs and shrimps)

Atys hisulcata” ©  '‘opas-kala'cle

Macrobrachiunm J‘opae-'oeha'a.

Macyobrachium lad tahitian praswn
Fishes .

Awaocus genivittatus ‘o'opu-paniha

Awgous stanin 'o'opu~-nakea

Eleotxis sandricensisl ‘'o'cpu-cimhe

Camtusia affinis 3 acsquitafish
Xuhlia sandvica% ahalshole
lentipes concolar ‘o'opu-alane’c
Mugl) cophalus’ gaa’ams, millet
Sarothsrodon mosssabicads) tilapda
Sicyoptsrus stimpsoni  ‘o'opu-noplll
Xiphophorns hellerd = "~ swordtail

Amphibians (£zogs)
Rana catesbeliana

Rans rugosa

mllfrog tadpoles
greenfrog tadpoles

(Septeabsr - October 1986)

Origin®

unknown
unknown

endenlc
endenic
andemic
endemic

alien

ai crocaddisfly larvae alien

endenic
andenmic

endemic
endemic

alien

indigencus
endemic

endemic
alien

endemic
endsmic

indigenéml
allien
endenic

alien

alien
alien,

Lisgga

none
none

none
none
none

none

none
none

none -’
depleted on OQahu
(Maciclek 1978)

none
nons
nons

none

special conceIn
(Deacon, et al.
1979); depleted
(Miller 1972)
nons

none

nene

special concern
(Deacon, et al.
1979)

none

none

special concsIn
(Deacon, et al.
1979)

none

none
none

1 rams used in this columns

endemic = occuring naturally in Hawaii onlys

indigencus = occuring naturally in Hawail and also elsewhere; alien = hrought
to Hawaii either Antentionally ox accidantally by man.

2 Gopsidered as endangersd or threatened in afficial registe

pabiications.
3 Has scme economic usse.

I Recommended for recogniticn as endangered (Maciolek 1577).
5 ‘rila.gg_.;mlanop_;aun is known to be established in Kaual stzeans also.

» or scientific



and two are of unknown origin. Six of the endemic species, one indigenous
fish, one alien crustacean and one alien fish have some economic

importance. The most valuable is the endemic goby, Awaous stamineus

('o'opu-nakea) since is supports a minor ethnic fishery.

Compared with an earlier study (Timbol 1977, p. A-7) this 1986 survey
lists six more species. The number is not significant. The 1977 study does
not include the earthworm and the two species of amphibian tadpoles.
Another insect larva may aiso have been there in [977 but was not
recognized. The significant difference between the two studies is the

presence of the endemic goby, Lentipes concolor (‘o'opu-alame'o) and the

mosquitofish, Gambusia affinis. It is highly probable that the 'o'opu-

alamo'o was also present in 1977 but was not collected. That it was
collected this time reflects on the collectors' improved skill on
electroshocking techniques and increased awareness where the 'o'opu-
alamo'o might be collected in a stream. As for the alien mosquitofish, it
may have established itself after 1977 or it may have been already there

in 1977 but in very low numbers to have been missed at that time.

Of the 25 resident species, only four (all endemics) are listed in scientific

publications as depleted and/or special concern. -These are -endemic

mollusk, hihiwai (Neritina granosa), :and rthree - endemic gobies;- 'alopu- :

nakea, 'o'opu-alamo'o, and 'o'opu-nopili Sicyopterus stimpsoni). The first

two species are sometimes sold commercially. None, however, is listed as
rare or endangered under the Federal Rare and Endangered Species Law.

Capsule life histories of these four are shown below.

ey R



1.  Neritina granosa (hihiwai)

This diadromous Hawaiian endemic grows to 6 cm shell diameter and the
largest endemic neritid. It prefers clear water, bouldery, steep gradient
streams. As in the diadromous gobies, the hihiwai breeds in fresh water,
the larvae are swept passively 10 the ocean where they undergo
transitional larval development as marine plankton. They reappear at
stream mouths as prejuveniles and migrate upstream- Extensive

information regarding the biology of the hihiwai is in Ford (1979).

During this study, we found only prejuveniles (1-3 mm diameter) in the
higher elevation stations 1 and 2. Don Heacock, DLNR Aquatic Biologist
on Kauai (perconal communication, Dec. 19, 1986) found three larger
specimens sometime in 1933 nafter hours of looking for them" ata middle

elevation station (station 7, 37 m elevation).

The hihiwai has been utilized for food since early Hawaliian days and is
still harvested commercially. These snails are occassionally sold in
supermarkets in size averaging 25 mm shell diameter (range 15-30 mm).
According to Ford (1979, p. 57) a 15 mm hihiwai weights about 0.5 gram
and a 30 mm about 2.45 grams. The last reported price was $5.99/1b at

Big Save in Kapaz on August or. September 1982 (Don Heacock,.. verbal

- communicationy” Decembet= 19,- 1986 .. Mdciolek.{(1978) considers - this -~ °~

neritid snail as depleted.

2. Awaous stamineus (‘o'opu-nakea)

This is the largest of the endemic gobies, reaching a minimum of over 30

cm standard length (SL) in Kauai streams. 1n Hanalei, our samples ranged

C-36

[ U Wt Ty b ———— Y o o



—~~

between 2 and 33 cm SL. Ego (1956) reported then in Wainiha River as far
inland as 11,000 m (36,090 ft) at 450 m (919 ft) elevations with greatest
densities at between 3,000 and 5,000 m (9843-16, 405 ft) from the stream
mouth. This species is well known for -downstream migrations usually In
association with freshets or flash floods. Spawning occurs near the mouth
of rivers and streams. It requires between 0.00 and 0.45 ft/s with
optimum at less than 0.6 ft/s and depth optimum at about 1.6 ft (Kinzie,
et al. 1984). The 1o'opu-nakea is sometimes sold commercially, the last

sale at Kapaa Big Save was in September 1936 at $9.89/1b.

3. Lentipes concolor (‘o'-opu-alamo'o)

The 'o'opu-alamo'o is the rarest of the Hawaiian stream fishes (Maciolek
1977, Lau 1973). In the Hawaiian folklore, to find 'o'opu-alamc'o in a net
when fishing for other fish is bad luck for it keeps other fish away. This
fish is regarded as kapu (forbidden) by Hawaiians who believe it is related

to the Mo'o (lizard gods) (Titcomb 1972).

'"O'opu-alamo'o which grows up to 10.0 em (Lau 1973) is an almost
scaleless fish which exhibits sexual dimorphism. During breeding season,

the male is jet black anteriorly and bright red-orange pnsteriorly.

Females exhibit only brown color on its entire body. Although this fish is

" disdromous, -‘there -dis. :evidence that it does not-undergo downstream - -

migration for spawning purposes (Nishimoto and Fitzsimmons 1986). This
gobjr requires a flow velocity between 0.00 and 0.31 ft/s with optimum at

less than 0.5 ft/s and depth below 1.5 ft (Kinzie et al. 1984).




4.  Sicyopterus stimpsoni ('o'opu-nopili)

This small {up to 15 sm SL) diadromous endemic goby also exhibits sexual
dimorphism. The males are dark olive-gray or nearly biack and the
females blue-green to blue-grey. In early Hawaiian days, the ‘o'opu-nopili
was greatly relished for food, and was a favorite fish with the priests. It
is also considered to bring good luck (Titcomb 1972). According to
Titcomb (1972) the largest 'o'opu-nopili (up to 18 em SL) were found in
Kauai streams, particularly in Wainiha, Hanalei and Makaweli. During

this survey, the specimens we caught ranged between 2 and 15 cm SL.

This species has been recommended by Timbol and Maciolek (1978) as an
indicator species. Its decline in population density, or in extreme cases,
its disappearance from a stream is a good indication of serious stream
degradation. The 'o'opu-nopili requires 0.95 and 1.25 ft/s flow velocity
with the best at less than 0.7 ft/s and depth at less than l.5 £t (kinzie et
al. 1984). Extensive information on the biology of the 'o'opu-nopili is

available in Tomihama (1972).

Distribution and Relative Abundances

The purpose of semiquantitative sampling is to determine the relative
abundance of each species in a.standardized manner so.that the.seasonal
and temporal changes in: numbers .can=be measured.:. ~»Table .Ce9a.
summarizes the distribution and relative abundances of macrofauna

collected in the river.

Not all 25 species found in Hanalei River are found in all stations. There
are lesser number of species at the upper stations and the number
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aquatic macrofauna in
Kaanaawi tritutary, island of Kauad.
VI VII VIIr Ix X

(September - Cetober 1986)

v

Iv

Sampling Stations

TARLE C-9
Distritution and relative atundances of

Hanalel River and
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I

Sclentific Name

Oligechasta

Annelids (worma)
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0 = absent or not

+ = yncommon:
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++ = coamon;
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Refer to methods and materials ssction for numerical equivalences.

Abundances;
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increases {from 9 to 16) as one proceeds downstream to the flood plain.
Five species are found in 9 or all 10 stations. These are: two alien insect

larvae (Cheumatopsyche and Oxyethira), one endemic insect larva

(Chiromonidae), one endemic shrimp (‘opae-kala'ole); two endemic gobies
(*o'opu-nakea and 'o'opu-nopili). With minor exceptions, all five ubiquitous
species were abundant. A seventh species, the amphibian Rana rugosa
tadpole may be present in all stations although we have not collected

them in stations 1, 7 and 10 at this time.

The insect macrofauna component consists mostly of Cheumatopsyche,

Oxyethira and Chiromonidae larvae. Insect larvae are very important
intermediaries in the utilization of plant materials and recycling of
nutrients in aquatic environments. They are a major food source for fish
and they may be used to determine the well-being of those {fish
populations. According to Platts, Megahan and Minshall (1983) insect
larvae are useful for determining environmental disturbances because
they have limited mobility and therefore will reflect conditions in the
immediate vicinity. Insect larvae also have short life span. Their
characteristics are a function of conditions during the relatively recent
past.

The mollusks coniponent.of the :macrofauna -were- found- enly- the - upper =i+ + -
stations during this study. They were not found in large numbers. The
economically important neritid mollusks, hihiwai, has been discussed in

the preceding section.




The crustacean component consists of three species: two endemics and
one alien. All three have some economic values. The endemic shrimp
lopae-kala'ole, is abundant in all 10 gtations. They are largest (mostly
adults) in the upper stations, medium size (young adults and juveniles) and
very small (mostly postlarvae and juveniles) in the flood plain stations.
This shrimp is harvested by local residents for food. The second endemic
crustacean, 'opae'oeha’a, is found in abundance in the flood plain stations
and was absent in the middle upper stations. It is gathered for use as bait.
The third crustacean, the alien Tahitian prawn, is found only in the middle
and flood plain stations. They are found in lower abundance as compared
with 'opae-kala'ole and 'opae-'oeha'a but since the Tahitian prawns are
very much larger than the first two, the Tahitian biomass is significant.

Tahitian prawns are harvested by local residents for food.

The fish component of the macrofauna is the most siginificant because of
the endemicity and commercial value of the ‘o'opu-nakea. This endemic,
economically important goby was found in all but the highest of collecting
stations (Station 1). Itis found in greater numbers in the middle sampling
stations than in the upper and flood plain stations. This distribution and
abundance is the same as that found in Wainiha River (Ego 1956): higher
abundance in the lower .elevations.. The ‘o'opu-nopili can he found in all
the stations except ;hoae:in‘-_t'heaﬂdéd;plai‘ri.étations. . The 'o'opu-alamo’o
was found only in the upper elevations, upstream of the proposed diversion
weir for the hydroelectric facility but downstream of the existing Hanalei
ditch diversion weir. This is the first time that the 'o'opu-alamo'o has

been caught in Hanalei. That only one was caught (in Station 3) confirms
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the earlier findings of Lau (1972) and Maciolek (1977) that this goby is the

rarest of the Hawaiian endemic stream gobies.

The amphibian component of the macrofauna consists mainly of tadpoles. ;
The almost ubiquitous R. rugosa tadpoles is probably a food organism for ;
fish. The adult has no economic value. The bullfrog tadpoles, R.
catesbeiana, have been found only in the flood plain stations. The adults i
can be heard croaking along the banks. The bullfrog is a desired food
organism but local residents claim that there are not enough in the area

to justify time spent in collecting them except once in a long while.

Flora. The vegetation on the project area presents a mosaic of different
vegetation types, principally the result of past disturbances and of
topographic features. A detailed Botanical Survey of the Hanalei Valley

"Botanical Survey, Hanalei River Hydroelectric Project, Hanalei District,

Island of Kaua'i" was completed in 1986 by Winona Char and is included as

e e e b AR o g oo R e e T ot

Appendix II in this report.

Much of the vegetation found on the proposed Hanalei Hydroelectric
project area has been disturbed to some degree in the past. The lower
half of the project area, from the proposed power plant site to about just
below Pekoa Falls, is dominated largely by introduced'plant species. Thew . i o ozwe o e
valley is widest in this portion of the project area with many more or less
level areas along the river. Traces of former occupation or use by the

early Hawalians is evident. Plants of taro {Colocasia esculenta), 'awa

(Piper methysticum), mai'a or banana (Musa sp.), and "ohi'a-'ai or mountain
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apple (Syzygium malaccense) are occasionally encountered. More recent

disturbances are indicated by abandoned cattle fences and pastures.

Rather dense stands of guava (Psidium puajava) forest and scrub are

abundant along the river. Small patches or scattered trees of Java plum
(Syzygium cumini) are also commonly observed. Large stands of bamboo

(Schizostachyum glaucifolium?) and rose apple {Syzygium jambos)/bamboo

forests are found near the power plant site. Scattered forests of hau

(Habiscus tiliaceus), a native species cultivated by the Hawaiians, can be

found in some places along the river's edge. Ground cover is composed
largely of introduced grasses, ferns, and herbs such as Californiagrass

(Brachiaria mutica), Hilo grass (Paspalum conjugatum), sword fern

(Nephrolepis muitiflora), downy woodfern (Christella dentata), and

honohono {Commelina diffusa).

Parts of the valley bottom, especially along the streamside, were no doubt
cultivated at some time by the Hawaiians. Plants introduced or used by

the Hawaiians are occasionally encountered on the project area.

The upper one-half portion of the project area is the least disturbed, the
vegetation - along: the bottom _of -valley and .along. the streamside, is a

‘mixture of native and introduced. plant.speciesi::- [T ERSRLE

In the upper half of the project area, above Pekoa Falls to the intake site,
the valley narrows; in some places the steep valley walls come down to

the river's edge. The steep slopes of the valley are covered primarily by
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wiiuhe or false-staghorn fern (Dicranopteris linearis) and scattered 'ohi'a

trees (Metrosideros collina ssp. polymorpha).

The vegetation in the upper section of the project area has been subject
to less disturbance, as a result, the numbers and kinds of native plant
species increases. The composition of the vegetation gradually changes
from one dominated by introduced plants to a mixed native/introduced
forest association. 'Ohi'a trees are abundant. Some other native species

found here include papala-kepau {(Pisonia umbellifera), hame (Antidesma

sp.), mamaki (Pipturus sp.), akoka (Boehmeria grandis), 'ama'u {Sadleria

cxatheoides), kawa's (llex anomala), and olomea (Perrottetia

sandwicensis).

Threatened or Endangered Species. No offically listed, proposed, or

candidate Threatened or Endangered plant species (U.S. Fish and Wildlife

Service 1980) were found during the course of this survey.

The status of the two mamaki species (Pipturis helleri, Pipturis

kauaiensis) found during this survey is considered ‘'uncertain,” i.e.,
insufficient information available to determine if endangered, by Fosberg

and Herbst (1975). .However, both species occur in the native forests on

the Wai'ale'ale plateau and-in many deeply dissected valleys.- Recently - - -

collected specimens can be found in herbarium collections. On the
project site, the plants generally occur as scattered individuals. The

plants are more numMerous along the river above the project site.
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Avifauna_and Mammals.? There are no endemic amphibians or land

reptiles in the Hawaiian Islands. All, therefore, have been introduced
(either intentionally or accidentally) by man. None are endangered
species and none are of significance for an Environmental Impact

Assessment study.

Amphibians

I.  American Bullfrog, Rana catesbeians

This "was probably one of the first species of amphibians to be introduced
into the Hawaiian Islands and may have been one of the frogs that was
imported prior to 1867." Bullfrogs are serious predators on the small

downy young of the endangered Hawaiian waterbirds.

2. Wrinkles Frog, Rana rugosa
This frog was introduced to Hawaii from Japan in 1986 (McKewon, 1978).
It is most common in mountain streams. The wrinkled frog is common in

the river at higher elevations.

3. Giant Neotropical Toad, Bufo marinus
This toad was first introduced to the islands in 1932, "when Dr. C.E.

Pemberton brought 148 aduit.3oads .from..Puerto.Rica, ."In a little over

'two years:-more than:.100,000 - descendents: of. ‘thezociginal.stock: were:- - -

distributed through Dr. Pemberton's activities throughout the islands."

The following section has been excerpted from "Tetrapod Vertebrates of
the Lower Hanalie River", Andrew L. Berger, 1926. This report is printed
in its entirety in Appendix HI in this report.
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This toad is "the commonest species of amphibian" in Hawaii. These toads

are active primarily at night, and is undoubtedly found along the Hanalei

River.

Reptiles
1.  Blind Snake, Typhlina bramina

"This small, secretive snake was _apparently introduced from the
Phillipines in the dirt surrounding plants that were brought in for
landscaping the campus of the Kamehameha Boys School in Honolulu.
These blind, worm-like snakes are rarely seen until they are flooded from
underground burrows by heavy rains or unless one looks for them under

branches and leaf litter on the ground.

2,  Skinks and Geckos
Eight species of skinks (family Scincidae) and geckos (family Gekkonidae)
are found on Kauai, although one species (azure-tailed skink, Emoia

cyanura) is now thought to be rare there.

Birds of the Lower Hanalei River System

Three general groups of birds occur in the Hawaiian Islands: 1) Endemic
. birds are those that are unique.to Hawaii and occur naturally nowhere eise
in. the. world . (Berger,..1981); .2). Indigenous -or Native. birds, those -whose
total range in the Pacifica Basin includes the Hawaiian Islands; and 3)
Introduced or alien birds, those brought to the islands by man. [ refer to
the "Lower Hanalei River System" because our observations were made

from approximately {,250 feet downward.
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Endemic Birds

Koloa or Hawaiian Duck, Anas wyvilliana

This endangered species occurred on all of the main islands except Lanai
and Kahoolawe into the 1940's. Birds inhabit both lowland areas (e.g., the

Hanalei taro patches and the refuge) and mountain streams.

Pueo or Hawaiian Short Owl, Asio flammeus sandwicheniss

The Pueo is a permanent resident on all main islands. On Kaui it has been
found in relatively dry areas as well as in the 'ohi'a rain forest and the
upper reaches of the Waialae stream. The steep slopes along the sides of

the river may provide nesting habitat for the Pueo.

Hawaiian Honeycreepers

This is Hawaii's unique bird family. However, approximately 40 percent
of the species are extinct and another 40 percent are classified as
threatened or endangered. The vast majority of honeycreeper species
occur well above 1,000 feet on Kauai: for example, at Kokee State Park
and the Alakai Swamp region. No honeycreepers were seen during two

days along the Hanalei River, however, two species have been seen along

the Wainiha River during December, 1982. Mosquitos and avian malaria is .
likely the main reason the birds are restricted:to the. high elevations now... -

- Dewatering the river could increase: mosquitos Habitat-byscreation of: i " -

more stagnant pools. Winds may carry the mosquitos, into the upIancls.6

Amakihi, Hemignathus virens stenjnegeri

The Amakihi was described scientifically in 1782, but the first nest of the

Kauai race was not found until 1964 (Berger, 1981). The species is most
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common in the 'ohi'a forests of the Kokee and Alakai Swamp regions

(Richardson and Bowles, 1964).

Apapane, Himatione sanguinea

This undoubtedly is the most abundant of the surviving species of
honeycreepers. This species typically inhabits 'ohi'a-koa forests.

In any event, the proposed project may have no adverse effect on any
honeycreepers because the large number of introduced plant species up to,
and beyond, the 1000 foot elevation may not provide adequate habitat for
the nesting activities of these birds, and the majority of Kauali
honeycreepers inhabit 'ohi‘a-koa forests well above 1000 feet elevation.
Newells Shearwater (threatened), Dark-rumped petrel (endangered), Bank-
rumped, Petrel, and the Storm White Tailed tropic birds are also likely to

occur in the area.®

6Tom C. Telfer, Kauai District Wildlife Biologist, Division of Land and
Natural Resources, Division of Forestry and Wildlife. July &, 1986
memorandum.
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Indipenous Birds

These birds are native to the Hawaiian Islands but are not unique to them.
In this category are 22 species of sea birds, the Hawaiian Black-crowned
Night Heron, Newell's Shearwater (threatened), White Tailed Tropic, and a
number of migratory species that spend their winter or nonbreeding
season in the islands have been found in the upper reaches of the Hanalei

River.6

Order Charadriiformes, Family Scolopacidae, Sandpipers, Curlews, and

Snipe

1. Wandering Tattler, Hetersscelus incanus

This species is a regular winter resident in the Hawaiian Islands.

Family Charadriidae, Plovers

Introduced or Alien Birds

Qrder Ciconiformes, Family Ardeidae, Herons and Egrats

l.  Cattle Egret, Bubulcus ibis

Order Galliformes, Family Phasianidae, Pheasants, Quail, Francolins

2.  Ring-necked Pheasant, Phasianus colchicus

"Ring-necked--pheasants, lace-necked  doves' and -barred ‘doves may- be .

found in the area.

Order Columbiformes, Family Columbidae, Pigeons and Doves

3. Lace-necked or Spotted Dove, Streptopelia chinensis

The species now is common to abundant on all main islands and, like the

other doves in Hawaii, is classified as a game bird.
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The Lace-necked Dove is common in residential areas, in dry kiawe
habitat, in pasture and agricultural land, forested areas, and in open areas

in the mountains. They are also found in the Alakai Swamp.

g, Barred Dove, Geopelia striata

It has been a remarkably successful introduction and it now is abundant on

all of the islands.

Doves avoid dense forests; they are common in residential areas, cutover
fields, pasture, and along jeep trails wherever there is a supply of weed

seeds. It occurs in the lower regions of the valley.

Qrder Stigiformes, Family Tytonidae, Barn Owls

5. Barn Owl, Tyto alba pratincola

Barn Owls were brought to the islands (1958 through 1963) in the hopes
that they would control rats in the sugarcane fields. Barn Owls in Hawaii

often roost and nest in small caves on steep cliffs.

Order Passeriformes, Family Timalidae, Babblers and Laughing-Thrushes

Medolious Laughing-thrush, Greater Necklaced Laughing-thrush, Linnet,

_Rice Bird, Red Cardinal, Red-billed Leiothrix.

The species was first imported from San Francisco for liberation on Kauai
in 1918; birds from the same source were released on Oahu in 1928, and

that same year other birds were imported from the Orient and released on

Oahu. This species is generally very hard to find on Kauai.
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Family Turdidae, Thrushes and Bluebirds

6. Shama, Copsychus malabaricus

Family Zosteropidae, White-eyes and Silver-eyes

7. Japanese White-eye, Zosterops j. japonicus

Family Sturmidae, Starlings and Mynas

2. Common Indian Myna, Acridotheres tristis

Mammals

Endemic Mammals

The only endemic Hawaiian land mammal is the Hawalian bat (Lasiurus

cinereus semotus) (endangered), a subspecies of the American hoary bat.

The Hawaiian bat occurs primarily on the island of Hawaii but is quite

abundant on Kauai.

Introduced Mammals

Many of these alien species have proven highly detrimental to man, his
buildings, products, some of his agricultural crops, as well as to the native
forests and there animal life. Hunting of many of these species provide

public recreation in the upper Hanalei regiof. -~ . T 7T

Some of these mammals were first brought to the islands by Captians
Cook and Vancouver. Feral cattle, goats (Capra_hircus), sheep (Ovis

aries), and pigs (Sus scrofa) have been destroying the Hawailan forests

Cc-51




since 1800, and they continue to do so today. Pig trails, wallows, and

other signs were conspicuous at all elevations along the Hanalei River.

With the possible exception of the house mouse (Mus musculus), all of the

smaller introduced mammals prey on birds and their nests and eggs.

These small mammals include the roof rat or biack rat (Rattus rattus),

Polynesian rat (Rattus elegans), Norway rat (Rattus norvegicus), as weil

as feral cats (Felis catus), and feral dogs (Canis familiaris).

Cultural and Historical Resources.” Hanalei Valley represents the largest

Ahupua'a in the District of Halele'a on the Island of Kauai. Ahupua'a
refers to the traditional land divisions that were basic units of social,

economic, and political life in the pre~contact Hawaii.

"Ideally an Ahupua'a land section stretched in a wedge from its
apex at a mountain top to its base in the sea, thereby including
within its boundaries all environments necessary for a self-
sustaining community. Again ideally, the inhabitants of an
Ahupua'a were related by blood and through children, and could
claim some degree of relationship to the chiefly family to
\{Jh;én )the Ahupua'a had originally been assigned. (Barrere
970:3

The traditional or pre—contéct period is not well documented for Hanalei
Valley, especially: the upper. portions of-the Valley.- However, recent
studies, beginning: with.Earle-{1973)-and including Cleghorn (1929),- Schilt
(11980), and Athens (1983) produce a general outline or probable pre-

contact sequence.

7Hammatt, Hallett H., Ph. D. and Borthwick, Douglas, B.A.,

Archaeological Reconnaissance of Upper Hanalei Valley Halele'a, Kauai,

Cultural Surveys Hawaii, October 1986. See Appendix IV to this report.
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1I.

Initial settlement period; possibly around the 6th or 7th
century A.D. This period was probably characterized by a
coﬁstal settlement with a marine oriented economy; however,
there was probably some habitation and the beginnings of

agricultural activity in the Lower Valley.

The evidence for this is an A.D. 660+95 date at Site D10-12
(Schilt 1980), which, as secondarily deposited charcoal "is
suggestive of burning for forest clearance for shifting

agriculture" (Athens 1983:31)

Semi-permanent to permanent settlements: This period was
probably characterized by expansion of resource bases to both
a marine and agricultural resources with permanent
habitational sites in the Valley. The evidence for this is also
from Site D10-12 where a stone tool assemblage, three
possible post molds, and basaltic glass artifacts were found.
The number and diversity of the artifact assemblage suggest
permanent habitation dating to around the [3th and l4th

centuries A.D. (Athens, 1983). . . . -

Permanent settlements and intensive irrigated agricultural
complexes: This period would be charactertized by expansion
of high yield, possibly surplus oriented, pondfield taro

production. Permanent settlements or house sites would be on

non-irrigated lands, knolls, ridges, etc., which were not
C-53
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"prime" agricultural areas. This period, ca. A.D. 1500 to
contact, probably saw expansion into an intensive use of upper
Hanalei Valley, as evidenced by the number of sites reported
by Bennett and seen on the present reconnaissance. The
intensive use of the upper valley was possible not until late in
this period, ca. 18th century A.D., as prime lands, wide

alluvial flood plains, would have been used first.

The post contact period in Hanalei has been relatively well documented in
a number of historic sketches. These include E. H. Wilcox (1917), Earle
(1973 and 1979), Hammatt and Folk (1979}, Schilt (1980), and Carol
Haraguchi's work in relation to the placement of the Haraguchi Rice Mill
on the State Historic Register and making it a museum. Schiit offers the
most concise historic background sketch, and the following is a short

summary of that work (Schilt, 1980:5-8).

In general, foreign influence started in 1816 with Dr. Schaffer, a Russian,
getting the deed to Hanalei Valley. However, this was very short-lived.
In 182% Kauai comes under the contact of the Kamehameha dynasty with
HManalei being held in trust for Liholiho. In 1334, the first mission
(American -Board~.of..Missions) .on .the windward .side of Kauai was
estabiished at ‘Waieli.:-Alse in the-1830's:foreign plantations of sugar, silk
and coffee were started and by the late 1840's there was approximately
1,000 acres of Hanalei in coffee. Population declined during this period,
with the area experiencing low birth rates and moderately high death
rates. The late 1840's saw shipments of goods to California, especially

oranges, for the increased population there, which was due to the "Gold
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Rush". In the 1850's there was a drought and blight, which damaged the
coffee crops. This was the time of the major land redistribution termed
#The Great Mahele". From the 1860's to early 1900's population began to
increase, due mainly to the influx of Oriental laborers lfor the large
plantations. During this time, taro, coffee and sugar were being replaced
in Hanalei Valley by rice, which was not only for local consumption but
exported to the western continental United States. As the price of rice
fell, due to cheaper foreign competition, taro, as a cash crop, made a

comeback. Presently there are about 12 tenant farmers growing taro on

the broad flood plain in lower Hanalei Valley.

Archaeological Background

Archaeological investigations of Hanalei began with W. C. Bennett in

1928-29 as is reported in Archaeology of Kauai (1931). Bennett lists five

sites ~ 139, 140, 141, 142, and 143 as being within the Ahupua'a of
Hanalei. Sites 14!, 142, and 143 are described, in their relation to the

present reconnaissance, in a separate section of this report.

"Site #139: Poloku Heiau, on the east bluff of Hanalei Valley a short
distance from the government road on a knoll marked on

the map as Po'oku. Only a few stones remain to mark the

location of this heiau which Thrum describes as "An

unenclosed heiau of about two acres in area. Of- Luakini

class, terraced down on all sides from .the central -

platform". (Ibid.’ 134)-

Site #140: Kapaka, on top of Kapaka Hill on the east biuff of Hanalei
Valley just within the forest line. Thrum describes this

structure as "A paved open platform heiau without walls;

stones set edgewise traverse through. Kane its Diety.

Said to have had connection with Kapinao at Waiakalua in

its workings". This side has had many stones removed, or

covered over with vegetation. The river stones seem 1o

cover the top of the hill for a diameter of 75 feet. The

extent of the heiau could not be accurately determined.
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The stones set edgewise traversing through could not be

found". (Ibid: 143).
Other archaeological work includes Earle (1973) and (1978) which dealth
with the Halele'a District in general. The emphasis of his work is on
irrigated agricultural complexes and their implications to social
organization. The 1972 statewide inventory of sites located four sites,
two fishponds, an auwai, and the Russian fort, Fort Alexander, in the
makai area of Hanalei Valley. In 1979 Cleghorn conducted an extensive
survey of most of the Hanalei Wildlife Refuge. The survey reports some
twelve (12) sites both of prehistoric and historic age determinations. In
1980 Schilt conducted survey and test excavations, in "specified" areas of
the Wildlife Refuge, "to determine the potential impacts upon
archaeological resources of the proposed construction of an irrigation
pipeline and access roads in the refuge." In 1981, Hammatt, 1da, and Folk
conducted a survey of Kamo'omaika'i Fishpond at the mouth of Waile'ia
Stream, where it enters Hanalei Bay, next to Hanalei River. This fishpond
was one previously located in the 1972 Statewide Inventory KA-D10-9. In
1983 Athens conducted archaeclogical excavations at Site DA-D-10-12,
first located by Cleghorn in 1979, ti‘len tested in 1980 by Schiit. Athens'
work "revealed two stratified pondfield layers . . « The lower layer . . .

produced three late radiocarbon dates, indicating that pondfield

construction and use occurred during the 13th _cehtury."'- (Athens l9é‘3':i)

Also "Basaltic glass samples from this lower layer date to the late L3th
and early 14th centuries, indicating an occupation prior to pondfield

construction.” (Ibid.)
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Summary and Significance Evaluations

A total of fourteen site areas were located in this reconnaissance survey.

Summary information on these areas is presented on Table C-10.

Generally there are three types of sites: 1) rock shelters, 2) historic
house sites, and 3) agricultural terraces, some with associated house sites

and auwai.

Both of the rock shelters found are located mauka of the project area.
Site CS7 is.a small dry overhang used today by marijuana growers. 1t does
contain floor deposits but no sign of cultural material was observed. Site
CS38 rock shelter appears 1o be a major landmark in the upper portion of
the valley. It has an excellent overiook view down valley and is high
enough to be protected from viver flooding and the overhand is
permanently dry. Bennett spent the night here in 1928 or 1929 and today
it is well suppiied marijuana growers camp. This site must have been used
in prehistoric times and the floor deposits probably contain stratified
cultural deposits with datable organic materials. A chronological
sramework for Hawaiian use of upper Hanalei Valley would begin with
excavations at this site. However, the locality: would not be impacted by
the proposed hydroelectric project and negotiating. with the current users

of the shelter- would be delicate.

The historic house sites CSl, CS3 and a feature of CS4 all appear to
correlate to locations of houses on the 1916 U.S.G.S. map (Figure C-10a).
Although in some cases house foundations were not visible (they were

probably elevated wooden frame structures), bottles scattered about
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Site No.

Ccsl

Cs2

Cs3

Cs4

CsS

Cs6

csT-

cs8

TABLE C~10

SUMMARY TABLE, UPPER BEANALEI VALLEY

Location Description

Historic house
site and
abandoned auwai

West side of
River near
proposed -power
house

china Ditch
intake

West side of
River

West side of Bistoric house
River near site
present trail

Historic house
site, wall and
terraces, and
abandoned auwai

West side of
River

Platform, with
bowl carved in
rock by trail

West side of
River by trail

West side of Terraces.

river by trail -

East side of ° ~Small, rock. & -3
River above shelter

Kaapoko Stream

Rock shelter
with good over-
look down valley

East side of
River above
Raapoko Stream
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Comments

Correlates to

house location

on 1916 map.

Auwai may be

former “"China Ditch"

Supplies water to

present Hanalel
taro ‘fields on
west side of River

Correlates to house
location on 1916
map

Housesite correlates
+o location on

1916 map. Wall and
terraces probably
prehistoric. Could
be part of Bennett's
site, 141,

Possibly prehistoric
gsite. Terraces
could occur nearby

Probably prehistoric

May: contain buried
cultural material;
prehistoric

Contains floor
deposits; probably
prehistoric; visite
by Bennett -
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Site No.

Ccs9

Cslo

Csll

Ccslz2

Cs13

csl4

Location

West side of
River below
Kaapahu Stream

East side of
River above
Pekoa Stream

West side of
River opposite
Pekoa Stream

East side of

River

BEast side of
River by trail

West side of
River by trail

TABRLE C-10 (cont.)}

Description

Housesite and.
terraces

Terraces - at
least eleven
terraced field
levels

Terraces - at

least six levels

Dam wall above
large split
boulder

Rough platform;
awa plants

Formal terraces
on high ground
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Comments

Probably prehistoric;
terraces extend up-
slope, probably more
extensive than
observed; terraces
parallel to River .

Prehistoric; terracing
probably covers entire
point bar. Terraces
perpendicular to
River. )

Prehistoric; terraces
perpendicular to
River; probably cover
entire point bar.

Dam is for water
control; terraced
fields probably
associated. Split
rock simil<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>